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ABSTRACT
PARAMETER SELECTION FOR GENETIC ALGORITHM (GA)-BASED SIMULATION
OPTIMIZATION
Onur Boyabatlı
M.S. in Industrial Engineering
Supervisor: Assoc. Prof. İhsan Sabuncuoğlu
August, 2001
Improvements on heuristic techniques with the availability of faster PC’s increase the
importance of simulation-optimization (sim/opt) applications. Sim/opt methodologies use
computer simulation integrated with an optimization sub-routine to optimize the problems of
interest. The main contribution of these methods is to make simulation as a prescriptive tool
rather than a descriptive tool, which has been widely used as the descriptive tool for
estimating the performance of complex stochastic systems. Sim/opt methodologies have been
applied on various combinatorial optimization problems, and the current trend in sim/opt area
is the use of meta-heuristic techniques. Genetic Algorithm (GA) is the well known meta-
heuristic, which is a global search algorithm taking its inspiration from natural genetics. GA
has several parameters affecting its performance. Even for the GA with same structural
parameters (coding scheme, operator types, stopping criterion), the different combinations of
numerical parameters (initial population type, population size, maximum generation number
and the crossover and mutation probabilities) may lead to drastic changes in the performance
of the algorithm. This study examines the effects of numerical parameters of GA on its
performance in terms of both fitness and CPU time; and proposes guidelines for appropriate
parameter selection. A test problem of a serial assembly line taken from the literature is used
for the GA-based simulation-optimization application. A genetic algorithm coded in C is
integrated with a simulation model developed using SIMAN simulation language.
Modifications on the test problem are made to analyze the behavior of GA parameters under
different experimental conditions. The computational results reveal that in the case of a
dominant set of decision variables, for rapid convergent GA applications high mutation rates
are more useful, whereas the crossover operator does not have any significant impact on GA
performance.
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ÖZET
GENETIK ALGORITMALARA BAĞLI BENZETİM-ENİYİLEME
UYGULAMALARINDA PARAMETRE SEÇİMİ
Onur Boyabatlı
Endüstri Mühendisliği Bölümü Yüksek Lisans
Tez Yöneticisi: Doç. Dr. İhsan Sabuncuoğlu
Ağustos, 2001
Daha hızlı kişisel bilgisayarların varlığı, bulgusal tekniklerdeki ilerlemelerle birlikte
benzetim-eniyileme uygulamalarının önemini arttırmıştır. Benzetim-eniyileme metodları ilgili
problemleri eniyilemek için, bilgisayar benzetimini bir eniyileme alt-rutini ile tümleyerek
kullanırlar. Bu metodların ana katkısı, kompleks rassal sistemlerin performanslarını
kestirirken tasfir edici bir araç olarak yaygınca kullanılan benzetimi, hükmedici bir araç haline
getirmektir. Benzetim-eniyileme metodları birçok birleşi eniyileme problemleri üzerinde
uygulanmıştır, ve benzetim-eniyileme içindeki şu anki trend meta-bulgusal tekniklerin
kullanılmasıdır. Genetik algoritma en yaygın meta-bulgusal teknik olup, ilhamını doğal
genetikten alan tümel arama algoritmasıdır. Genetik algoritmaların performansını etkileyen
birçok parametresi vardır. Aynı yapısal parametredeki (kodlama yapısı, işlemci çeşitleri,
sonlanma kriteri)genetik algoritmalarda bile, sayısal parametrelerin ( populasyon büyüklüğü,
en yüksek cenerasyon sayısı, değişim ve eşeyleme olasılıkları, başlangıç popülasyonu çeşidi)
değişik birleşimi, algoritmanın performansında şiddetli değişikliklere meydan verebilir. Bu
çalışma sayısal parametrelerin genetik algoritmanın kabiliyet ve ana işlemci zamanına
dayanan performansı üzerindeki etkilerini inceler. Uygun parametre seçimleri için rehberlik
önerir. Literatürden alınan bir seri montaj hattı, test problemi olarak genetik algoritmalara
dayanan benzetim-eniyileme uygulamasında kullanılıyor. C dilinde kodlanan genetik
algoritma, SIMAN kullanılarak geliştirilen benzetim modeline tümlenmiştir. Test problemi
üzerinde değişiklikler yapılarak genetic algoritmanın parametrelerinin değişik deneysel
koşullrdaki davranışları incelenmiştir. Hesaplanan sonuçlar ortaya çıkarmıştır ki; karar
değişkenlerinin üstün bir seti olduğu durumda, hızlı yakınsak genetik algoritmalar için yüksek
değişim olasılığı daha kullanışlıyken, eşeyleme işlemcisinin genetik algoritmanın performansı
üzerinde belirleyici bir etkisi olmamaktadır.
Anahtar Kelimeler: Benzetim, Eniyileme, Genetik Algoritma, parametre seçimi
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DQG7HNLQDQG6DEXQFXRJOX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FRQILGHQFH LQWHUYDO LV FRQVWUXFWHG IRU WKH H[SHFWHGSURILW WR VHHZKHWKHUWKH LQWHUYDOV FRQWDLQ WKH PHDQ SHUIRUPDQFH RI RULJLQDO SUREOHP 7DEOH  VXPPDUL]HV WKHUHVXOWV
7DEOH&RPSDULVRQRI6LPXODWLRQ5HVXOWVRI2ULJLQDO0RGHODQG3URSRVHG0RGHO
6ROXWLRQ&RPELQDWLRQ /DZ
V0RGHO 3URSRVHG0RGHO &RQILGHQFH,QWHUYDO      













,Q DGGLWLRQ WR WKDW WKH SURSRVHG*$PRGHO LV YDOLGDWHG E\ LQYHVWLJDWLQJ LWV EHKDYLRUXQGHU VRPH OLPLWLQJ FRQGLWLRQV 2QH H[DPSOH LV VHWWLQJ WKH PXWDWLRQ DQG FURVVRYHUSUREDELOLWLHVWR,QWKDWFDVHDOOSRSXODWLRQVVKRXOGFRQWDLQWKHVDPHLQGLYLGXDOVVRLWLVLQRXUPRGHO2WKHUSUHGLFWDEOHSDUDPHWHUVHWWLQJVDUHDOVRXVHGDQGWKHSURSRVHG*$PRGHOLVYDOLGDWHG7KHILQDODQGWKHPRVWLPSRUWDQWYDOLGDWLRQSURFHGXUHLVPHDVXULQJWKHSHUIRUPDQFHRI*$LQWHUPVRIWKHEHVWSRLQWLWILQGV)URP/DZ¶VRULJLQDOSUREOHPWKHEHVWVROXWLRQWRWKHSUREOHP LV  2XU DOJRULWKP SURSRVHV  FRPELQDWLRQ DV WKH EHVWFRPELQDWLRQIRXQGZKLFK LVYHU\ FORVH WR WKH/DZ¶V VROXWLRQRI WKH WHVWSUREOHP0DFKLQHQXPEHUVDUHVDPHIRUHDFKVROXWLRQRQO\VOLJKWGLIIHUHQFHVDUHSUHVHQWLQWZRVHSDUDWHEXIIHUOHYHOV7KHREMHFWLYHIXQFWLRQYDOXHVDUHDOVRYHU\FORVHWRHDFKRWKHU,Q FRQFOXVLRQ ZH DUH FRQYLQFHG WKDW RXU *$EDVHG PRGHO LV D YDOLG PRGHO RI WKHV\VWHPDQGKHQFHZHFRQWLQXHZLWKWKHPRGHOIRUIXUWKHULQYHVWLJDWLRQRIWKHSUREOHP
'HVLJQRI([SHULPHQWV7RLOOXVWUDWHWKHHIIHFWVRIGLIIHUHQWQXPHULFDOSDUDPHWHUVRQ*$SHUIRUPDQFHLQWHUPVRIEHVWILWQHVVYDOXHVDQG&38WLPHWKHPDLQDVSHFWVRIH[SHULPHQWDOGHVLJQDUHXVHGVLQFHWKH SULQFLSDO JRDO RI WKH H[SHULPHQWDO GHVLJQV LV WR HVWLPDWH KRZ FKDQJHV LQ LQSXW IDFWRUVDIIHFWWKHUHVSRQVHVRIWKHH[SHULPHQWXQGHUFRQVLGHUDWLRQOLNHLQRXUFDVH

2QHRI WKHPDLQ WRROVRIH[SHULPHQWDOGHVLJQVWXGLHV LV WKH IDFWRULDOGHVLJQ)DFWRULDOGHVLJQV DUHZLGHO\ XVHG LQ H[SHULPHQWV LQFOXGLQJ VHYHUDO IDFWRUVZKHUH QRW RQO\ WKHPDLQHIIHFWV EXW DOVR WKH MRLQW HIIHFWV RI WKH IDFWRUV DUH VLJQLILFDQWO\ HIIHFWLYH RQ H[SHULPHQWV¶UHVSRQVH,QIDFWRULDOGHVLJQVGLIIHUHQWOHYHOVRIHDFKIDFWRUDUHVSHFLILHGDQGWKHDQDO\VLVLVFRQGXFWHGLQHYHU\FRPELQDWLRQRIWKHVHIDFWRUV$WHDFKIDFWRUFRPELQDWLRQWKHUHVSRQVHRIWKHV\VWHPLVPHDVXUHG$WWKHHQGE\VWDWLVWLFDOWHFKQLTXHVWKHVLJQLILFDQWIDFWRUVDIIHFWLQJWKHUHVSRQVHDQGWKHZD\WKH\DIIHFWDUHGHWHUPLQHG7KHHIIHFWRIDIDFWRULVGHILQHGWREHWKHFKDQJHLQUHVSRQVHSURGXFHGE\DFKDQJHLQWKHOHYHORIWKHIDFWRU7KLVLVFDOOHGWKHPDLQHIIHFWEHFDXVHLWUHIHUVWRWKHSULPDU\IDFWRUVRILQWHUHVWLQWKHH[SHULPHQW,WLVDOVRXVXDOWKDWWKHGLIIHUHQFHLQUHVSRQVHEHWZHHQWKHOHYHOVRIRQHIDFWRULVQRWWKHVDPHDWDOOOHYHOVRIWKHRWKHUIDFWRUV7KLVLVH[SODLQHGE\WKHLQWHUDFWLRQEHWZHHQWKHIDFWRUVDQGWKHLQWHUDFWLRQHIIHFWV DUHYHU\LPSRUWDQWIRUH[SHULPHQWDOGHVLJQV7KHPRVWFRPPRQW\SHRI IDFWRULDOGHVLJQVLVN IDFWRULDOGHVLJQV7KHUHDUHN IDFWRUVHDFK KDYLQJ RQO\ WZR OHYHOV VR WKDW WKHUH DUH N GLIIHUHQW FRPELQDWLRQV RI WKH IDFWRUV$OWKRXJKWKHUHLVQRJHQHUDOUXOHDERXWWKHVHOHFWLRQRIWZROHYHOVRIHDFKIDFWRULW LVPRUHFRQYHQLHQWWRVHWHDFKOHYHOLQRSSRVLWHZLWKHDFKRWKHU%\GHILQLWLRQZHFDQGHILQHRQHOHYHODV WKH ORZ OHYHO DQG WKH RWKHU DV WKH KLJK OHYHO 7KH UHDVRQ LV WKDW LQ WKH DQDO\VLV RI WKHHIIHFWVVWURQJDQGVLJQLILFDQWFRQFOXVLRQVFDQEHPDGHDERXWWKHRSSRVLWHYDOXHV%XWZKLOHVHOHFWLQJWKHWZRRSSRVLWHOHYHOVORZKLJKPRUHFRQFHUQVKRXOGEHJLYHQLQRUGHUQRWWRVHWXQUHDOLVWLFYDOXHVIRUWKHVHOHYHOV(YHQWKRXJKLWLVEHWWHUWRVHOHFWRSSRVLWHYDOXHVLQQDWXUHDQRWKHULPSRUWDQWSRLQWWREHWDNHQFDUHRILVWKHUDQJHRIWKHWZROHYHOV%HFDXVHLQN IDFWRULDOGHVLJQVLWLVDVVXPHGWKDWWKHUHVSRQVHRI WKHH[SHULPHQWVKRZV OLQHDUEHKDYLRUEHWZHHQKLJKDQG ORZOHYHOV ,I WKHVHOHYHOVDUHYHU\IDUIURPHDFKRWKHUWKLVOLQHDULW\DVVXPSWLRQZLOOORRVHLWVVWUHQJWK8QGHUWKHOLJKWRIWKHVHILQGLQJVN IDFWRULDOGHVLJQLVDSSOLHGLQWKLVVWXG\
N )DFWRULDO'HVLJQ7KHHIIHFWRIQXPHULFDOSDUDPHWHUVRI*$RQSHUIRUPDQFHPHDVXUHVLVDQDO\]HGLQWKLVVWXG\7KHREMHFWLYHLVPD[LPL]LQJWKHSHUIRUPDQFHRI*$LHPD[LPL]LQJWKHEHVWILWQHVVYDOXHIRXQGDQGPLQLPL]LQJWKH&38WLPHFRYHUHGWRJHWKHU7KHQXPHULFDOSDUDPHWHUVDUHx ,QLWLDO3RSXODWLRQ7\SHx 3RSXODWLRQ6L]H

x 0D[LPXP*HQHUDWLRQ1XPEHUx &URVVRYHU3UREDELOLW\x 0XWDWLRQ3UREDELOLW\6LQFHWKHUHDUHSDUDPHWHUV IDFWRULDOGHVLJQLVXVHGLQWKLVVWXG\2EYLRXVO\WKHUHDUH GLVWLQFW FRPELQDWLRQV RI SDUDPHWHUV OHDGLQJ WR  GHVLJQ SRLQWV )RU HDFK SRLQW ILYHLQGHSHQGHQW *$ UXQV DUH WDNHQ 7KLV LV SURYLGHG E\ DVVLJQLQJ GLIIHUHQW UDQGRP QXPEHUVWUHDPVWRWKHVLPXODWLRQPRGHOE\FKDQJLQJWKHVHHGVRI6,0$197RDSSO\ WKHN IDFWRULDOGHVLJQWRRXUPRGHO WZROHYHOVRIHDFKSDUDPHWHU VKRXOGEHGHWHUPLQHGE\ FRQVLGHULQJ WKH SLQSRLQWV JLYHQ WKURXJKRXW WKH DERYH SDUDJUDSKV 7KHPDLQVRXUFHWKDWZHFDQWUXVWLQWKHFRUUHFWSDUDPHWHUVHOHFWLRQLV*$OLWHUDWXUHEHFDXVHWKHUHDUHDORW RI WKHRUHWLFDO VWXGLHV FDUULHG RXW DERXW WKH RSWLPDO VHWWLQJV RI WKHVH SDUDPHWHUVLQGLYLGXDOO\ $OVR VRPH RI WKHVH ZRUN SUHVHQW UDQJHV IRU SDUDPHWHUV IRU D JRRG *$DSSOLFDWLRQ 7KH IROORZLQJ SDUDJUDSKV VWDWH WKH OHYHOV RI WKH SDUDPHWHUV DQG WKH UHDVRQVEHKLQGWKHP
,QLWLDO3RSXODWLRQ6RPH UHSRUWV KDYH IRXQG WKDW EHWWHU LQLWLDO SRSXODWLRQV PD\ UHVXOW LQ EHWWHU *$SHUIRUPDQFH*HQHUDOO\ WKH LQLWLDOSRSXODWLRQ LV JHQHUDWHG UDQGRPO\EXW VRPH VWXGLHVKDYHUHSRUWHG WKDW VHHGLQJ DSRSXODWLRQZLWKKLJKTXDOLW\ VROXWLRQVZKLFK FDQ EH REWDLQHG IURPDQRWKHU KHXULVWLF WHFKQLTXH OLNH UDQGRP VHDUFK PD\ KHOS *$ ILQG EHWWHU VROXWLRQV PRUHTXLFNO\WKDQDUDQGRPVWDUW%XWVHHGLQJWKHLQLWLDOSRSXODWLRQLQFUHDVHVWKHULVNRISUHPDWXUHFRQYHUJHQFH)RU WKLVSXUSRVHZHDSSOLHGD UDQGRPVHDUFKRISRLQWV7KHEHVWRUSRLQWVGHSHQGLQJRQWKHSRSXODWLRQVL]HDUHVHOHFWHGIRUWKHVHHGHGSRSXODWLRQ5DQGRPSRSXODWLRQLVJHQHUDWHGE\UDQGRPVHOHFWLRQDPRQJWKHVHSRLQWV:HWDNHWKHUDQGRPSRSXODWLRQDVWKHORZOHYHORIWKHLQLWLDOSRSXODWLRQSDUDPHWHUZKLOHWKHSRSXODWLRQJDWKHUHGDIWHUUDQGRPVHDUFKKHXULVWLFVHHGHGSRSXODWLRQDVWKHKLJKOHYHO
3RSXODWLRQ6L]H3RSXODWLRQVL]HLVRQHRIWKHPRVWLQIOXHQWLDOIDFWRUVRQWKHSHUIRUPDQFHRI*$6PDOOSRSXODWLRQVUXQWKHULVNRIXQGHUFRYHULQJWKH VROXWLRQVSDFHZKLOH ODUJHSRSXODWLRQVL]H LVQRWFRVWHIIHFWLYH LQ WHUPVRI LWV ODUJHFRPSXWDWLRQWLPH*ROGEHUJ LQGLFDWHG WKDW WKH

RSWLPDO VL]H IRU ELQDU\FRGHG VWULQJV JURZV H[SRQHQWLDOO\ ZLWK WKH OHQJWK RI WKH VWULQJ Q7KHUH DUH DOVR HPSLULFDO VWXGLHV VXJJHVWLQJ WKDW SRSXODWLRQ VL]HV ODUJHU WKDQ  FRXOG EHDGHTXDWHLQPDQ\FDVHV$ODQGHUUHSRUWVWKDWDYDOXHEHWZHHQQDQGQLVRSWLPDOIRUWKHSUREOHPW\SHFRQVLGHUHG&RQVLGHULQJWKHVHUHVXOWVWKHOHYHOVRISRSXODWLRQVL]HDUHWDNHQDVQDQGQZKHUHHTXDOVWRWKHVWULQJOHQJWKRIRXU*$PRGHO
&URVVRYHUDQG0XWDWLRQ3UREDELOLWLHV7KHVHOHFWLRQRI WKHFURVVRYHUDQGPXWDWLRQSUREDELOLWLHVPD\FKDQJHWKHSHUIRUPDQFHRI *$ GUDVWLFDOO\ /RZ PXWDWLRQ DQG KLJK FURVVRYHU UDWHV EULQJ WKH ULVN RI SUHPDWXUHFRQYHUJHQFHZKLOHKLJKPXWDWLRQDQG ORZFURVVRYHU UDWHVGHFUHDVH WKH*$SHUIRUPDQFH LQWHUPV RI FDUU\LQJ WKH EHWWHU VROXWLRQV WR IXWXUH JHQHUDWLRQV $OWKRXJK LW LV YHU\ SUREOHPGHSHQGHQW JHQHUDOO\ PXWDWLRQ LV DSSOLHG ZLWK D ORZ SUREDELOLW\ W\SLFDOO\ OHVV WKDQ ZKLOHFURVVRYHU LVDSSOLHGZLWKKLJKSUREDELOLW\ RIWHQ'H-RQJVXJJHVWV WKDW WKHELWPXWDWLRQUDWHVKRXOGEHQ ZKHUHQLV WKHVWULQJ OHQJWK0LFKDOHZLF]UHSRUWV WKDWFURVVRYHUUDWHVEHWZHHQDQGDQGPXWDWLRQUDWHVEHWZHHQDQGDUHXVHIXOLQ*$ DSSOLFDWLRQV ,Q RXU VWXG\ WKH FURVVRYHU SUREDELOLW\ OHYHOV DUH VHW DV  DQG DQG WKHPXWDWLRQOHYHOVDUHDQGZKHUHLVHTXDOWRQQLVLQRXUPRGHO
0D[LPXP*HQHUDWLRQ1XPEHU7KH PD[LPXP JHQHUDWLRQ QXPEHU LV XVXDOO\ D YHU\ LQIOXHQWLDO IDFWRU LQ *$SHUIRUPDQFH ,WV KLJKYDOXH LQFUHDVHV WKH FRPSXWDWLRQ WLPHZKLOH ORZ OHYHOKDV WKH ULVNRISRRUSHUIRUPDQFHRI*$VLQFHLWQDUURZVWKHVHDUFKHGVSDFHRIWKHUHDOVROXWLRQVSDFHRIWKHV\VWHPFRQVLGHUHG$OWKRXJKLWLVDYHU\ LPSRUWDQWIDFWRUWKHUHLVQRWD OLWHUDWXUHGHYHORSHGRQ LW WKDWFDQJXLGHXV LQ WKHVHOHFWLRQRI LWV¶ OHYHOV7KHPRVW LPSRUWDQW UHDVRQ LV WKDW WKHSDUDPHWHULWVHOILVYHU\SUREOHPVSHFLILFDQGDOVRLWGHSHQGVRQWKHLPSOHPHQWHU¶VFKRLFH7RGHWHUPLQHWKHKLJKDQGORZOHYHOVRIWKHSDUDPHWHUZHPDNHH[SHULPHQWDWLRQWKXVZHWDNHVRPHSLORWUXQVE\IL[LQJWKHRWKHUSDUDPHWHUVDQGFKDQJHWKHPD[LPXPJHQHUDWLRQQXPEHU:HIL[WKHRWKHUSDUDPHWHUVDWWKHLUORZOHYHOVDQGKLJKOHYHOVDQGWDNHWKHUXQVXQGHUWKHVHWZRVHSDUDWHFRQGLWLRQV7KHSDUDPHWHUVDWWKHLUKLJKOHYHOVFRQWULEXWHWRGHVLJQZKLOHWKH ORZ OHYHO RQH FRQWULEXWHV WR GHVLJQ  )LJXUH D VKRZV WKH EHVW ILWQHVV YDOXH REWDLQHGXQGHUGLIIHUHQWYDOXHVRIPD[LPXPJHQHUDWLRQQXPEHURI*$








































7KH&38WLPHYHUVXVPD[LPXPJHQHUDWLRQQXPEHUVKRZVQHDUO\H[SRQHQWLDOEHKDYLRUDQG DW ERWK GHVLJQV &38 WLPH LQFUHDVHV GUDVWLFDOO\ DIWHU WK JHQHUDWLRQ 8QGHU WKHVHFLUFXPVWDQFHVDVERWKWKHPD[LPXPILWQHVVDQG&38WLPHFRQVLGHUHG WKH OHYHOVRIDQGVHHPHGWREHORJLFDODVWKHOHYHOVRIWKHSDUDPHWHU,Q FRQFOXVLRQ DV D UHVXOW RI WKH OLWHUDWXUH UHYLHZ DQG SLORW H[SHULPHQWDWLRQV WKH WZROHYHOVRIHDFKIDFWRUDUHGHWHUPLQHGDVJLYHQLQ7DEOH
7DEOH)DFWRUVDQG/HYHOVIRU)DFWRULDO'HVLJQ3DUDPHWHU /RZ/HYHO +LJK/HYHO,QLWLDO3RSXODWLRQ 5DQGRP 6HHGHG3RSXODWLRQ6L]H  0D[LPXP*HQHUDWLRQ  &URVVRYHU3UREDELOLW\  0XWDWLRQ3UREDELOLW\  
7KHDQDO\VLVLVFRQWLQXHGE\WDNLQJLQGHSHQGHQW*$UHSOLFDWLRQVIRUHDFKGHVLJQSRLQWV7KHQ$129$DQDO\VLVRIYDULDQFHLVXVHGIRUGHWHUPLQLQJWKHVLJQLILFDQFHRIHDFKHIIHFW DQG WKH DSSURSULDWH OHYHOV RI HDFKSDUDPHWHU IRU EHWWHU*$SHUIRUPDQFH LQ WHUPV RI

ILWQHVV DQG &38 WLPH :H EHQHILW IURP WKH 6366 VWDWLVWLFDO VRIWZDUH SDFNDJH GXULQJ WKH$129$
'LDJQRVWLF&KHFNLQJ7KH IDFWRULDOGHVLJQLVDSSOLHGXQGHUVRPHDVVXPSWLRQV7KHHIIHFWVDUHDVVXPHGWREH IL[HG GHVLJQV DUH FRPSOHWHO\ UDQGRPL]HG VR WKDW UHSOLFDWLRQV DUH LQGHSHQGHQW RI HDFKRWKHUDQGXVXDOQRUPDOLW\ DVVXPSWLRQVDUH FRQVLGHUHG WREH VDWLVILHG%HIRUH LPSOHPHQWLQJWKHIDFWRULDOGHVLJQWKHVHDVVXPSWLRQVKDYHWREHFKHFNHG7KHSDUDPHWHUOHYHOVDUHQRWVHOHFWHGUDQGRPO\IURPDVHWRISRVVLEOHYDOXHVWKXVLWLVQRW D UDQGRPHIIHFW PRGHO 7KH OHYHOV DUH VSHFLILHG E\ WKH OLWHUDWXUH VHDUFK DQG IXUWKHUH[SHULPHQWDWLRQVRILUVWDVVXPSWLRQLVVDWLVILHGDXWRPDWLFDOO\7KH LQGHSHQGHQFH RI UHSOLFDWLRQV DQG WKH GHVLJQ SRLQWV LV SURYLGHG E\ WKH XVH RILQGHSHQGHQW GLVWLQFW VHHGV RI 6,0$19 LQ VLPXODWLRQPRGHO 6LQFH LQGHSHQGHQW VHHGV DUHXVHGWKHGHVLJQVDUHFRPSOHWHO\UDQGRPL]HG1RUPDOLW\DVVXPSWLRQUHTXLUHVPRUHHIIRUWIRUDGHTXDF\FKHFNLQJ$OWKRXJKPRGHUDWHGHSDUWXUHVIURPWKHQRUPDOLW\DVVXPSWLRQDUHRI OLWWOHFRQFHUQLQ WKHIL[HGHIIHFWV$129$WKDW LV UREXVW WR QRUPDOLW\ DVVXPSWLRQ VLQFH ) WHVW LV RQO\ VOLJKWO\ DIIHFWHG 0RQWJRPHU\ WKLVDVVXPSWLRQVWLOOKDVWREHFKHFNHG7KH UHVLGXDOH[DPLQDWLRQ LVEHQHILFLDO LQ WKHGLDJQRVLV RI QRUPDOLW\ YLRODWLRQV 5HVLGXDO SORW RI WKH PRGHO LV FRQVWUXFWHG E\ WKH XVH RIUHJUHVVLRQ PRGHO ZKLFK LV SORWWHG UHJDUGLQJ WR WKH HIIHFW VL]HV HVWLPDWHG GXULQJ IDFWRULDODQDO\VLV ,I UHVLGXDO SORWV RI ERWK &38 WLPH DQG ILWQHVV UHVSRQVHV VKRZ D OLQHDU EHKDYLRUHVSHFLDOO\LQWKHPLGGOHSRUWLRQRIWKHSRLQWVWKHQWKHUHLVQRUHDVRQWRVXVSHFWDERXWWKHQRQQRUPDOLW\RIWKHGDWD$IWHU VLJQLILFDQW IDFWRUV DUH REWDLQHG E\ XVLQJ $129$ WKH QRUPDO SUREDELOLW\ RIHIIHFWVLVXVHGIRUWKHGLDJQRVWLFFKHFNLQJRIWKHDGHTXDF\RIVLJQLILFDQWSDUDPHWHUV7KHSORWRIHIIHFWVL]HVYHUVXVFRUUHVSRQGLQJQRUPDOSUREDELOLWLHVKDVWRVKRZOLQHDUEHKDYLRU IRUDOOLQVLJQLILFDQWHIIHFWVDQGVLJQLILFDQWHIIHFWVVKRXOGSUHVHQWDQRXWOLHUGLVWXUELQJWKHOLQHDULW\)LQDOO\ $129$ DVVXPHV WKH KRPRJHQHLW\ RI YDULDQFHV EHWZHHQ LQGHSHQGHQWUHSOLFDWLRQV WKXV KRPRJHQHLW\ DVVXPSWLRQ KDV WR EH VDWLVILHG 7KHUH DUH D ORW RI ZD\V WRVHDUFK WKH UHOHYDQFH RI WKLV DVVXPSWLRQ ,Q WKLV VWXG\%DUWOHWW WHVW 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FRPSDUHGWRWKHRWKHUZRUNVWDWLRQV$OWKRXJKORZOHYHOVRIEXIIHUSRVLWLRQOHDGWRVLJQLILFDQWGHFUHDVHLQWKURXJKSXWVRWKHSURILWRIWKHV\VWHPIRUWKHVHJRRGFRPELQDWLRQVRIPDFKLQHV EXIIHU OHYHOV GR QRW KDYH YHU\ VLJQLILFDQW LPSDFW RQ WKH V\VWHPSHUIRUPDQFH7KH IROORZLQJ VROXWLRQV DQG WKH FRUUHVSRQGLQJ REMHFWLYH YDOXHV SUHVHQW DQ H[DPSOH WR WKHVLWXDWLRQ 6ROXWLRQ )LWQHVV9DOXHPRQHWDU\XQLWV±±±±±± ±±±±±± ±±±±±± ±±±±±± ±±±±±± ±±±±±± ±±±±±± ±±±±±± 

±±±±±± 































































0XWS /RZ  0XWS +LJK
I3RSXODWLRQ7\SH0XWDWLRQ3UREDELOLW\,QWHUDFWLRQ(IIHFWRQ)LWQHVV)LJXUH*UDSKVRI6LJQLILFDQW(IIHFWVZLWKUHVSHFWWR)LWQHVV5HVSRQVHFRQW¶G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7KH LQLWLDO SRSXODWLRQ W\SH LV WKH ILUVW VLJQLILFDQWPDLQ HIIHFW 6WDUWLQJZLWK D VHHGHGSRSXODWLRQLQFUHDVHVWKHEHVWILWQHVVYDOXHIRXQGVLJQLILFDQWO\FRPSDUHGZLWKDUDQGRPVWDUWWKXVWKHLQLWLDOSRSXODWLRQW\SHKDVDSRVLWLYHHIIHFWRQILWQHVVUHVSRQVH)LJXUHD$OWKRXJKLW LV QRW D XVXDO FDVH IRU *$ DSSOLFDWLRQV WKHUH DUH HPSLULFDO VWXGLHV LQ WKH OLWHUDWXUHVXSSRUWLQJ VXFK D FRQFOXVLRQ 5HHYHV  ,Q IDFW VLQFH WKH JRRG VROXWLRQV KDYH VRPHVSHFLILFSDWWHUQLQWHUPVRIPDFKLQHQXPEHUVWKHJRRGQHVVRIWKHVROXWLRQPHUHO\GHSHQGVRQWKHOHYHOVRI WKHEXIIHUSRVLWLRQVDIWHU VRPHJHQHUDWLRQV+LJKGRPLQDQFHRIJRRGVROXWLRQVOHDGVWRFRQYHUJHQFHWRWKHVHJRRGVROXWLRQSDWWHUQVDQG*$VWDUWVWREURZVHEHWWHUVROXWLRQVE\FKDQJLQJWKHEXIIHUOHYHOV,WLVFHUWDLQWKDWWKHPDFKLQHQXPEHUVDUHDOVRDOWHUHGGXULQJJHQHWLF RSHUDWLRQV EXW DQ\ DOWHUDWLRQ UHVXOWVZLWK D SRRU ILWQHVV WKXV VHOHFWLRQPHFKDQLVPLJQRUHV VXFK LQGLYLGXDOV DQG WKH\ GR QRW KDYH FKDQFH WR VXUYLYH IRU WKH IROORZLQJJHQHUDWLRQV7KH GLIIHUHQFH EHWZHHQ VHHGHG SRSXODWLRQ DQG UDQGRP SRSXODWLRQ LV VHHGHG RQHFRQWDLQV LQGLYLGXDOV ZLWK JRRG PDFKLQH FRPELQDWLRQV 7KXV EHFDXVH WKHVH VROXWLRQV DUHKLJKO\GRPLQDQWWKHFRQYHUJHQFHRILQGLYLGXDOVWRVROXWLRQVZLWKWKHVHSDWWHUQVRFFXUVYHU\UDSLGO\)RUWKHUDQGRPSRSXODWLRQFDVH*$VSHQGVVRPHJHQHUDWLRQVLQUHDFKLQJWKHVHJRRGSDWWHUQVWKDWLVFRQYHUJHRFFXUVPRUHVORZO\)RUVHHGHGLQLWLDOSRSXODWLRQVFDVHEHFDXVHRIWKHPRUHUDSLGFRQYHUJHQFH*$KDVPRUHWLPHWRWU\GLIIHUHQWFRPELQDWLRQRIEXIIHUOHYHOVWKLV LQFUHDVHV WKH SUREDELOLW\ RI KLWWLQJ D EHWWHU VROXWLRQ*$ XVHV LWV WLPHPRUH HIILFLHQWO\FRPSDUHG ZLWK WKH UDQGRP FDVH )RU WKDW UHDVRQ LQLWLDO SRSXODWLRQ W\SH KDV D VLJQLILFDQWLPSDFWRQILWQHVVYDOXH3RSXODWLRQVL]HDQGPD[LPXPJHQHUDWLRQQXPEHUKDYHDOVRVLJQLILFDQWHIIHFWVRQEHVWILWQHVV YDOXH IRXQG )LJXUH E DQG F $V \RX LQFUHDVH WKH OHYHOV RI WKHVH IDFWRUV *$PDQDJHV WR ILQGEHWWHU VROXWLRQV WKXV WKH\ERWKKDYHSRVLWLYHHIIHFWV7KLV LV DSUHGLFWDEOHDQG DOVRREYLRXV UHVXOW VLQFH LQFUHDVLQJ WKH SRSXODWLRQ VL]H Q RU JHQHUDWLRQ QXPEHU PHQODUJHV WKH VHDUFKVSDFH0RUH LQGLYLGXDOVDUHSURFHVVHG VRSUREDELOLW\ RI UHDFKLQJ EHWWHUVROXWLRQVLQFUHDVHV+HQFHLQFUHDVHLQOHYHOVRIQDQGPLQFUHDVHVWKHSHUIRUPDQFHRI*$&URVVRYHUSUREDELOLW\ LV WKHRQO\ IDFWRUZKLFKKDVDQ LQVLJQLILFDQWPDLQHIIHFW )URP)LJXUH H LW VHHPV WKDW DOO WKH OLQHV H[FHSW FURVVRYHU OLQH VKRZ LQFUHDVLQJ RU GHFUHDVLQJEHKDYLRUEXWFURVVRYHUOLQHLVYHU\VWUDLJKWEHWZHHQORZDQGKLJKYDOXHV7KHUHDVRQEHKLQGWKLVGHSHQGVRQWKHQDWXUHRIVROXWLRQVSDFH*RRGVROXWLRQVKDYHVSHFLILFSDWWHUQVLQWHUPVRI
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PDFKLQHQXPEHUVDQGWKH\DUHKLJKO\GRPLQDQWVRVHOHFWLRQPHFKDQLVPDOZD\VVHOHFWVWKHVHLQGLYLGXDOVDQGFRQYHUJHQFHRFFXUVDIWHUVRPHVWDUWLQJJHQHUDWLRQV/RZ OHYHORIFURVVRYHUSUREDELOLW\PHDQVORZFKDQFHWRFURVVLQRWKHUZRUGVVHOHFWHGSRWHQWLDOSDUHQWVDUHFRSLHGWRQH[W JHQHUDWLRQ GLUHFWO\ +LJK OHYHO RI FURVVRYHU IRUFHV WKHVH SRWHQWLDO SDUHQWV WR FKDQJHJHQHWLFPDWHULDOZLWKHDFKRWKHU,IWKHHIIHFWRIFURVVRYHULVLQVLJQLILFDQWWKHQWRFURVVRUQRWWRFURVV VKRXOGQRWPDNHDQ\GLIIHUHQFH LQ ILWQHVVYDOXHV7KLV LV WUXH IRU WKHQDWXUHRI WKHVROXWLRQDQGVHDUFKVSDFHWRJHWKHU$IWHUVRPHLQLWLDOJHQHUDWLRQVWKHLQGLYLGXDOVJHQHUDOO\KDYH±±±RU±±±DVPDFKLQHFRPELQDWLRQVFRUUHVSRQGLQJWRVWULQJVVWDUWLQJZLWK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$OWKRXJKWKHUHDUHPRUHSDWWHUQVSUHVHQWLQWKHVROXWLRQVSDFHDQGHDFKSDWWHUQDUHLQGLIIHUHQW DPRXQWV VLQFH WKHVH WZRDUH WKHPRVWFRPPRQRQHVKDYLQJ ODUJHVW ILWQHVVYDOXHVIRU D URXJK HVWLPDWH ERWK VWULQJV KDYH  RFFXUUHQFHV LQ D SRSXODWLRQ 7KHQ IRU  RIWUDLOVUHSURGXFWLRQRSHUDWRUVHOHFWVWZRSDUHQWVZLWKVDPHVWDUWLQJVWULQJV,I VHOHFWHG WZR SRWHQWLDO SDUHQWV ERWK KDYH RQ RI WKHVH SDWWHUQV WKHQ WKH FURVVRYHUEHIRUH WKH WK ELW SURGXFH VDPH LQGLYLGXDOV $Q\ FURVVVLWH DIWHU WKDW SRLQW JHQHUDWHVLQGLYLGXDOV ZLWK GLIIHUHQW EXIIHU OHYHOV ZLWK VDPH PDFKLQH QXPEHUV ,I VRPHKRZ DQLQDSSURSULDWHOHYHOYHU\ORZRIEXIIHULVJHQHUDWHGWKHQWKHILWQHVVGHFUHDVHVGUDVWLFDOO\VRGRPLQDQFHRIJRRGVROXWLRQVPDNH WKLV LQGLYLGXDOGLVDSSHDU LQ WKHQH[WJHQHUDWLRQ WKXVRQWKHDYHUDJHFURVVRYHUFDQQRWSURGXFHSRRULQGLYLGXDOV,QWKHRWKHUFDVHFURVVRYHUJHQHUDWHVLQGLYLGXDOV ZLWK VRPH SDWWHUQ RI EXIIHU OHYHOV ZKLFK DUH QRW SRRU )URP WKH SUHOLPLQDU\DQDO\VLVZHNQRZWKDWGLIIHUHQWEXIIHU OHYHOVZLWKJRRGPDFKLQHSDWWHUQVGRQRWKDYHYHU\VLJQLILFDQWO\GLIIHUHQWILWQHVVYDOXHV7KXVFURVVRYHUFDQQRWPDNHVLJQLILFDQWGLVFUHSDQF\RQILWQHVV,I VHOHFWLRQ PHFKDQLVP VHOHFWV ERWK VWULQJV DV SRWHQWLDO SDUHQWV  RI WULDOV WKHQFURVVRYHUDIWHUVWWKWKDQGWK ELWGRHVQRWSURGXFHGLVWLQFWFKLOGUHQ7KHFURVVRYHUIRUPWKHQGUG DQGWK VLWHJHQHUDWHVWKHIROORZLQJSDWWHUQ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)URPWKHJHQHUDWHGVWULQJVDOOH[FHSW±±±FRPELQDWLRQDUHSUHVHQWLQJRRGVROXWLRQV¶SDWWHUQVVRWKH\KDYHFORVHILWQHVVYDOXHV7KH±±±FRPELQDWLRQUHVXOWVZLWKDSRRUILWQHVVYDOXHEHFDXVHRIWKHKLJKGHFOLQHLQWKURXJKSXWUHDVRQLQJIURPWKHWKLUGZRUNVWDWLRQ¶VERWWOHQHFN VLWXDWLRQ DQG ZLOO GLVDSSHDU LQ WKH IROORZLQJ JHQHUDWLRQV EHFDXVH RI KLJKGRPLQDQFHRIJRRGVROXWLRQV7RVXPXSWKHUHLVQRVLJQLILFDQWGLIIHUHQFHEHWZHHQWKHORZOHYHODQGKLJKOHYHORIWKHFURVVRYHUSUREDELOLW\ LQ WHUPVRI ILWQHVV VLQFH LW JHQHUDWHV VLPLODU LQGLYLGXDOV KDYLQJ FORVHILWQHVVYDOXHV(YHQIRUPRVWFDVHV WRFURVVRUQRWGRQRWPDNHDQ\GLIIHUHQFHEHFDXVH WKHJHQHUDWHGFKLOGUHQDUH VDPHZLWK WKHLUSDUHQWV7KLV LV WKHPDLQ UHDVRQRI LQVLJQLILFDQFH RIFURVVRYHURSHUDWRURQILWQHVVYDOXH$V)LJXUH H UHVHPEOHV WKHPXWDWLRQ SUREDELOLW\ KDV D VLJQLILFDQW SRVLWLYH HIIHFW RQILWQHVV YDOXH 7KH SRZHU RI PXWDWLRQ FRPHV IURP LWV DELOLW\ WR VHDUFK IRU YDULRXVFRPELQDWLRQVRIEXIIHUOHYHOV$IWHUWKHFRQYHUJHQFHWRJRRGVROXWLRQVZLWKVSHFLILFPDFKLQHQXPEHU SDWWHUQV WKH LPSURYHPHQWV RQ ILWQHVV YDOXH LV JDWKHUHG E\ VHDUFKLQJ IRU GLIIHUHQWOHYHOVRIEXIIHUSRVLWLRQV6LQFHPXWDWLRQDOWHUVWKHYDOXHRIDELWIRUPWRRUYLFHYHUVDLWHDVLO\SURYLGHVGLYHUVLW\ LQVROXWLRQV ,W LVREYLRXV WKDWPXWDWLRQFDQDOVR WDNHSODFH LQ WKHILUVW HLJKW GLJLWV RI WKH VWULQJV EXW VXFK D VLWXDWLRQ UHVXOWVZLWK D SRRU SHUIRUPDQFH RI WKHV\VWHP EHFDXVH RI GHYLDWLRQ IURP WKH JRRG PDFKLQLQJ SDWWHUQ DQG WKH GRPLQDQFH RI WKHVROXWLRQVGLVWLQJXLVKWKHPXWDWHGLQGLYLGXDOLQWKHQH[WJHQHUDWLRQVRRQWKHDYHUDJHPXWDWLRQFDQQRWSURGXFHSRRULQGLYLGXDOV$Q\PXWDWLRQDIWHUWK ELW OHDGVWRDGLIIHUHQWFRPELQDWLRQRI EXIIHUV ZKLFK PLJKW KDYH D EHWWHU SURILW :KLOH PRUH FRPELQDWLRQV DUH VHDUFKHG WKHSUREDELOLW\RIKLWWLQJDEHWWHUVROXWLRQLQFUHDVHVDXWRPDWLFDOO\$TXHVWLRQDSSHDUV LQRXUPLQGV DOWKRXJKPXWDWLRQ LV SRZHUIXO LQSURGXFLQJGLYHUVHVROXWLRQVLQWHUPVRIEXIIHUOHYHOVZK\GRHVWKHFURVVRYHURSHUDWRUKDYHLQVLJQLILFDQWLPSDFW"
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7KHPDLQUHDVRQ LV WKDW WKHFURVVRYHURSHUDWRUJHQHUDOO\ SURGXFHVVDPHFKLOGUHQZLWK WKHLUSDUHQWV DV VWDWHG LQ WKH DERYH SDUDJUDSKV :H XVH WKH IROORZLQJ H[DPSOH WR H[SODLQ WKLVEHKDYLRU&RQVLGHUWKHILUVWEXIIHUSRVLWLRQDQGWKHKLJKOHYHORILWFRUUHVSRQGLQJWR³´ELQDU\UHSUHVHQWDWLRQ%\PXWDWLRQDOOOHYHOVRIWKLVYDULDEOHFDQEHUHDFKHGE\ELWPXWDWLRQVRFFXUULQJ DW WKH VDPH WLPHEXW VLQFHSP LV WRR VPDOO LW LV UDWLRQDO WRDVVXPH WKDWRQO\ RQHPXWDWLRQRFFXUVDWDWLPH7KXVFDQEHFKDQJHGWRWKHIROORZLQJVWULQJVDQGUHDOYDOXHVZLWKSUREDELOLW\SP VHSDUDWHO\
       
+HQFHWKHSUREDELOLW\WRREWDLQDGLIIHUHQWEXIIHUFRPELQDWLRQLVu SP,QIDFWWKHRULJLQDOSUREDELOLW\RIREWDLQLQJGLIIHUHQWEXIIHUFRPELQDWLRQLV±SPZKLFKLVODUJHUWKDQuSP7KXVXVLQJWKHRULJLQDOSUREDELOLW\ZLOOOHDGDVWURQJHUFRQFOXVLRQ7RREWDLQGLIIHUHQWYDOXHVRI WKLVYDULDEOH VHYHUDOFRQGLWLRQVPXVWKROG IRU FURVVRYHURSHUDWLRQ)LUVWWKHRWKHULQGLYLGXDOVKRXOGKDYHDGLIIHUHQWUHSUHVHQWDWLRQWKDQ³´,QIDFWWKHRWKHUSDUHQWVKRXOGKDYHELQDU\UHSUHVHQWDWLRQRIWKLVEXIIHUOHYHORWKHUWKDQ³´ VLQFH WKHVH UHSUHVHQWDWLRQV FDQQRW FUHDWH EXIIHU OHYHOGLIIHUHQW IURP WKHSDUHQWV7KHVHFRQGFRQGLWLRQLVWKHFURVVVLWHVKRXOGEHVHOHFWHGLQEHWZHHQWKLVVWULQJRWKHUFURVVVLWHVGRQRWFKDQJHWKHYDOXHRIWKLVYDULDEOHVLQFHLWLVFRSLHGWRWKHFKLOG7RFODULI\WKHVLWXDWLRQWKHIROORZLQJVFKHPHSUHVHQWVWKHSRVVLEOHVWULQJVZLWKSRVVLEOHFURVVRYHUVLWHVZKHUH FURVVRYHU FDQ JHQHUDWH GLIIHUHQW YDOXH 7KH GDVKHG OLQHV DUH WKH SRVVLEOH FURVVRYHUVLWHVDQGWKHQXPEHUVLQGLFDWHWKHSRVVLEOHDPRXQWRIFURVVRYHUVLWHV
                
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$OWKRXJKHYHU\ VWULQJ LVIRXQGLQGLIIHUHQWSURSRUWLRQV LQ WKHLQGLYLGXDOVRI*$IRUDURXJKHVWLPDWHZHFDQDVVXPHWKDWHDFKVWULQJKDVSUREDELOLW\RIRFFXUUHQFHVLQFHWKHUHDUH  GLIIHUHQW VWULQJ UHSUHVHQWDWLRQV 7KHQ IRU D VLQJOH VWULQJ WKH SUREDELOLW\ RI FURVVLQJZLWK³´DQGSURGXFLQJGLIIHUHQWFKLOGUHQFDQEHFDOFXODWHGDVWKHSUREDELOLW\RIVHOHFWLRQRIWKDWVWULQJu FURVVRYHUSUREDELOLW\u QXPEHURISRVVLEOHFURVVVLWHVZKHUHLVWKH VWULQJ OHQJWK )RU VWULQJ ³´ WKLV SUREDELOLW\ HTXDOV  u SF u  ZKHUH VDPHSUREDELOLW\LVu SF u IRUVWULQJ³´6LQFHILUVWEXIIHULVORFDWHGEHWZHHQILUVWDQGWKHVHFRQGVWDWLRQVDQGILUVWVWDWLRQLVRQHRI WKH ERWWOHQHFNV JRRG VROXWLRQV LQFOXGH ODUJH DPRXQW RI EXIIHU SRVLWLRQV DW OHDVW WKHQXPEHURIEXIIHUSRVLWLRQVLVJUHDWHUWKDQWKHVWULQJVRQWKHULJKWVLGHFDQUDUHO\EHVHOHFWHGE\WKHUHSURGXFWLRQRSHUDWRUVRZHFDQGLVFDUGWKHPLQFDOFXODWLRQ+HQFHWKHSUREDELOLW\WRFURVVZLWK³´DQGSURGXFHGLIIHUHQWFKLOGUHQHTXDOV WR WKHVXPRIGLVWLQFWSUREDELOLWLHVZKLFKLVHTXDOWRu SF u )RU WKHEHVWFDVH KLJKFURVVRYHUSUREDELOLW\ WKLVQXPEHUFRQWULEXWHV WR )RUWKHZRUVW FDVH ORZ OHYHO RIPXWDWLRQ WKH SUREDELOLW\ RI VDPH RSHUDWLRQZLWKPXWDWLRQ LVHTXDO WRu SP  (YHQIRU WKHZRUVWFDVHPXWDWLRQKDVDKLJKHUFKDQFH WRJHQHUDWHGLYHUVH LQGLYLGXDOV LQ EXIIHU OHYHOV VLQFH   !   7KXVPXWDWLRQ LV VLJQLILFDQWO\HIIHFWLYHRQILWQHVVDOWKRXJKFURVVRYHULVQRW7RVXPXSRQFHWKHJRRGVROXWLRQVDUHDFKLHYHGWKHSRSXODWLRQPHPEHUVDUHVLPLODUWRHDFK RWKHU LQ WHUPV RIPDFKLQH QXPEHUV 7KH LQFUHDVH LQPXWDWLRQ SUREDELOLW\ DOORZV*$VHDUFKPRUHFRPELQDWLRQRIEXIIHUOHYHOVZKLFKDXWRPDWLFDOO\LQFUHDVHVWKH*$SHUIRUPDQFH7KH RQO\ VLJQLILFDQW LQWHUDFWLRQ HIIHFW LV WKH LQWHUDFWLRQ EHWZHHQPXWDWLRQ SUREDELOLW\DQGLQLWLDOSRSXODWLRQW\SH)RUWKHORZOHYHORIPXWDWLRQSUREDELOLW\WKHLPSURYHPHQWLQWKHILWQHVVYDOXHJRLQJ IURP UDQGRP LQLWLDOSRSXODWLRQ WR VHHGHGSRSXODWLRQ LVPRUH VLJQLILFDQWWKDQWKHKLJKOHYHORISP 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)LJXUH1RUPDO3UREDELOLW\RI(IIHFWVIRU&387LPH5HVSRQVH$JDLQEHIRUHDQ\LQWHUSUHWDWLRQRIWKHUHVXOWVLWLVEHQHILFLDOWRPDNHVRPHSUHOLPLQDU\DQDO\VLV DERXW WKH VROXWLRQ VSDFH ZLWK UHVSHFW WR &38 WLPH )LUVW RI DOO WKH &38 WLPHGHSHQGVRQWKHVLPXODWLRQWLPHRILQGLYLGXDOSRLQWV$OWKRXJKWKHSURFHVVLQJRI*$UHTXLUHVVRPHWLPHWKHVLPXODWLRQWLPHRIWKHVROXWLRQVJHQHUDWHGE\*$FRQVWLWXWHWRDOPRVWDOO&38

WLPHPRUHWKDQRI&38WLPH7KXVWKHIDFWRUVHIIHFWLQJWKH&38WLPHLQIDFWDOWHUWKHVLPXODWLRQWLPH7KHVLPXODWLRQ WLPH LVGHSHQGHQWRQ WKH ORDGRI WKHV\VWHP$V WKHPDFKLQHQXPEHUVDQG EXIIHU OHYHOV LQFUHDVH WKH VLPXODWLRQ WLPH LQFUHDVHV LQ SDUDOOHO VLQFHPRUH SURGXFWLRQRFFXUV LQ WKH PRGHO /LNH WKH ILWQHVV FDVH PDFKLQH QXPEHUV DUH DOVR GRPLQDWLQJ VHW RIGHFLVLRQYDULDEOHVDFFRUGLQJWRWKH&38WLPH7KHPDLQUHDVRQLVWKHSURGXFWLRQUDWHPHUHO\GHSHQGVRQWKHPDFKLQHFRPELQDWLRQVDQGVLQFHWKHVLPXODWLRQWLPHLVSURSRUWLRQDOZLWKWKHSURGXFWLRQUDWHLWLVDOVRDVVRFLDWHGZLWKWKHPDFKLQHFRPELQDWLRQV%XIIHUOHYHOVGRQRWKDYHVLJQLILFDQW HIIHFW RQ VLPXODWLRQ WLPH H[FHSW VRPH H[WUHPH FRQGLWLRQV YHU\ ORZ OHYHOV RIEXIIHUDIIHFWLQJWKHSURGXFWLRQSURFHVV$VVWDWHGLQWKHILWQHVVDQDO\VLV*$FRQYHUJHVWRVRPHJRRGVROXWLRQVKDYLQJVSHFLILFSDWWHUQV RI PDFKLQH FRPELQDWLRQV UDSLGO\ 7KHVH JRRG VROXWLRQV FRUUHVSRQG WR ORDGHGV\VWHPV KDYLQJ PRUH QXPEHU RI PDFKLQHV IURP WKH DYHUDJH KHQFH WKHLU VLPXODWLRQ UXQVJHQHUDOO\ UHTXLUHVPRUH WLPH FRPSDUHG WR RWKHU VROXWLRQV EHFDXVHPRUH SURGXFWLRQ RFFXUVFRPSDUHGZLWKWKHV\VWHPKDYLQJDYHUDJHYDOXHVRIYDULDEOHV*RLQJIURPWKHVHJRRGSDWWHUQVWR D KLJKHU OHYHO RI PDFKLQH FRPELQDWLRQ LQFUHDVHV WKH VLPXODWLRQ WLPH EXW KRZHYHU DQ\QHJDWLYH GHYLDWLRQ IURP WKH JRRG SDWWHUQV OHDGV WR VLJQLILFDQW GHFUHDVH LQ VLPXODWLRQ WLPHEHFDXVH WKH WKURXJKSXW RI WKH V\VWHP GHFUHDVHV VLJQLILFDQWO\ 7KH IROORZLQJ H[DPSOHLOOXVWUDWHVWKHVLWXDWLRQ6ROXWLRQ &387LPH±±±±±± PLQXWHV±±±±±± PLQXWHV±±±±±± PLQXWHV)LUVWFRPELQDWLRQLVDJRRGVROXWLRQDQGKDVDVLPXODWLRQWLPHRIPLQXWHVZKLFKLVWKHDYHUDJHRIILYHUHSOLFDWLRQV'HFUHDVLQJ WKHQXPEHURIPDFKLQHVLQILUVWZRUNVWDWLRQE\RQHXQLW UHVXOWVZLWKDVLJQLILFDQWO\ OHVVORDGHGV\VWHPKDYLQJPLQXWHVRIVLPXODWLRQ WLPHZKLOH D SRVLWLYH DOWHUDWLRQ RI VDPH YDULDEOH LQFUHDVHV WKH VLPXODWLRQ WLPH WR RQO\ PLQXWHV$IWHU WKHVH SUHOLPLQDU\ H[SODQDWLRQV WKH UHVXOWV RI $129$ DUH SUHVHQWHG EHORZ)LJXUH D UHSUHVHQWV WKH FKDQJH LQ &38 WLPHZLWK UHVSHFW WR FKDQJH LQ SRSXODWLRQ VL]H)LJXUHEVKRZVWKHHIIHFWRIPD[LPXPJHQHUDWLRQQXPEHUDQG)LJXUHFUHSUHVHQWVWKHPXWDWLRQ SUREDELOLW\ HIIHFW )LJXUH G LV WKH JUDSK RI DOOPDLQ IDFWRUV DQG ILQDOO\ )LJXUH
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H0D[LPXP*HQHUDWLRQ1XPEHU3RSXODWLRQ6L]H,QWHUDFWLRQ(IIHFWRQ&387LPH)LJXUH*UDSKVRI6LJQLILFDQW(IIHFWVZLWKUHVSHFWWR&387LPH5HVSRQVHFRQW¶G
7KH LQLWLDO SRSXODWLRQ W\SH LV LQVLJQLILFDQW ZLWK UHVSHFW WR &38 WLPH ZKLFK FDQ EHREVHUYHGIURPWKH)LJXUHG,WKDVDVWUDLJKWOLQHUHSUHVHQWDWLRQPHDQLQJWKDWQRDOWHUDWLRQLQ &38 WLPH RFFXUV DFFRUGLQJ WR WKH FKDQJH RI OHYHO IURP ORZ WR KLJK YDOXH 7KH UHDVRQEHKLQG WKLV VLWXDWLRQ LV WKH UDSLG FRQYHUJHQFH RI WKH VROXWLRQV WR JRRG SDWWHUQV *RRGVROXWLRQV DUH ORDGHG V\VWHPVDQG UHJDUGOHVVRI WKHEXIIHU FRPELQDWLRQVJRRGSDWWHUQV KDYHQHDUO\HTXDOVLPXODWLRQWLPHV$OWKRXJKVHHGHGSRSXODWLRQVFRQYHUJHWRJRRGVROXWLRQVPRUHUDSLGO\DUDQGRPVWDUWORRVHVRQO\DIHZJHQHUDWLRQVWLPHWRFRQYHUJHWRWKHVDPHJRRGVHWRIVROXWLRQV DQG RQ WKH DYHUDJH WKHVH IHZ JHQHUDWLRQV¶ LQGLYLGXDOV¶ VLPXODWLRQ WLPH GRHV QRW

PDNHVLJQLILFDQWLPSDFWRQ&38WLPH$WVRPHLQLWLDOJHQHUDWLRQVDYHUDJH&38WLPHFRYHUHGLV PRUH DW VHHGHG SRSXODWLRQV FRPSDUHG ZLWK WKH UDQGRP RQHV VLQFH UDQGRP SRSXODWLRQVKDYHPRUHSRRUVROXWLRQVFRUUHVSRQGLQJWROHVVORDGHGV\VWHPVZLWKOHVVVLPXODWLRQWLPH%XWZKHQDOOWKHJHQHUDWLRQVDUHFRPSDUHGWKLVGLVFUHSDQF\FDQQRWVKRZVLJQLILFDQWFKDQJHVRQ&38WLPH7KHILUVWVLJQLILFDQWHIIHFWLVWKHSRSXODWLRQVL]H,WKDVDSRVLWLYHHIIHFWRQ&38WLPHZKLFK LV DQ REYLRXV UHVXOW EHFDXVH DQ LQFUHPHQW LQ SRSXODWLRQ VL]H GLUHFWO\ LQFUHDVHV WKHQXPEHURI LQGLYLGXDOV SURFHVVHG VR WKHQXPEHURI VLPXODWLRQ UXQV WDNHQ7KXV LQFUHDVH LQOHYHORISRSXODWLRQVL]HLQFUHDVHVWKH&38WLPH)LJXUHD7KH PD[LPXP JHQHUDWLRQ QXPEHU IDFWRU KDV VDPH LPSDFW ZLWK WKH SRSXODWLRQ VL]HSDUDPHWHU/LNH WKHSRSXODWLRQVL]HKLJKOHYHORIPD[LPXPJHQHUDWLRQQXPEHUGRXEOHV WKHQXPEHU RI SRLQWV SURFHVVHG LQ *$ DSSOLFDWLRQ REYLRXVO\ WKH &38 WLPH LQFUHDVHVVXEVWDQWLDOO\JRLQJIURPORZOHYHOWRKLJKOHYHO)LJXUHE7KHFURVVRYHUSUREDELOLW\LVLQVLJQLILFDQWDFFRUGLQJWR&38WLPH)LJXUHGDVLQWKHFDVH RI ILWQHVV UHVSRQVH7KH UHDVRQV IRU WKH LQVLJQLILFDQFH RI WKH ILWQHVV UHVSRQVH DUH DOVRYDOLGIRUWKH&38WLPHFDVH*HQHUDOO\ WRFURVVRUQRWGRHVQRWPDNHDQ\VHQVHEHFDXVHLQHDFK FDVH WKH SURGXFHG FKLOGUHQ DUH VDPH RU FDUU\ VDPH VWUXFWXUDO SURSHUWLHV &URVVRYHUDOZD\V SURGXFHV LQGLYLGXDOV ZLWK JRRG VSHFLILF SDWWHUQ RI PDFKLQH QXPEHUV EHFDXVH DQ\LQGLYLGXDO REMHFWHG ZLWK WKLV LV HOLPLQDWHG E\ WKH VHOHFWLRQ SURFHGXUH LQ WKH IROORZLQJJHQHUDWLRQV DV H[SODLQHG LQ ILWQHVV SDUW 7KH RQO\ GLIIHUHQFH EHWZHHQ WKH VROXWLRQV LV WKHLUEXIIHUOHYHOV+RZHYHUH[FHSWIRUVRPHH[WUHPHFDVHVYHU\ORZOHYHOVRIEXIIHUVZKLFKDUHUDUHO\ RU QHYHU H[SHULHQFHG DOO WKH EXIIHU FRPELQDWLRQV OHDG WR D VHPLORDGHG VLPXODWLRQPRGHO WKXV WKH VLPXODWLRQ WLPH VR WKH &38 WLPH DUH YHU\ FORVH WR HDFK RWKHU 7KHFRPELQDWLRQH[DPSOHVXVHGLQWKHILWQHVVDQDO\VLVFDQFODULI\WKHVLWXDWLRQ6ROXWLRQ &387LPH±±±±±± PLQXWHV±±±±±± PLQXWHV±±±±±± PLQXWHV±±±±±± PLQXWHV±±±±±± PLQXWHV±±±±±± PLQXWHV±±±±±± PLQXWHV

±±±±±± PLQXWHV±±±±±± PLQXWHV
$OO FRPELQDWLRQV H[FHSW RQH KDV D VLPXODWLRQ WLPH RI  PLQXWHV ZKLFK VKRZV WKHVLPLODULW\EHWZHHQWKHVROXWLRQVKDYLQJVDPHPDFKLQHQXPEHUSDWWHUQLQ&38WLPH7KHPXWDWLRQSUREDELOLW\ LVWKHODVWVLJQLILFDQWIDFWRURQ&38WLPH'LIIHUHQW IURPWKHRWKHUIDFWRUVPXWDWLRQSUREDELOLW\KDVDQHJDWLYHHIIHFWRQ&38WLPH)LJXUHF,QFUHDVLQJWKH PXWDWLRQ SUREDELOLW\ SP GHFUHDVHV WKH &38 WLPH ZKLFK LV D GHVLUHG UHVXOW 0XWDWLRQJDWKHUVWKHGLYHUVLW\ WRWKHVHDUFKVSDFHE\WKHDOWHUDWLRQVLWPDNHVRQWKHELWVRI LQGLYLGXDOVWULQJV %HFDXVH RI GRPLQDQW JRRG VROXWLRQV UDSLG FRQYHUJHQFH RFFXUV WR VRPH VSHFLILFSDWWHUQV RI PDFKLQH QXPEHUV 7KH SUHOLPLQDU\ DQDO\VLV RQ WKH VROXWLRQ VSDFH UHYHDOV WKDWQHJDWLYHGHYLDWLRQVIURPWKHJRRGPDFKLQHFRPELQDWLRQVOHDGWRPRUHVLJQLILFDQWGHFUHDVHLQVLPXODWLRQWLPHZKHQFRPSDUHGZLWKWKHLQFUHDVHLQVLPXODWLRQWLPHLQWKHFDVHRIDSRVLWLYHDOWHUDWLRQ RI PDFKLQH QXPEHUV ZKLFK FDUU\ WKH PRGHO WR D PRUH ORDGHG RQH $QRWKHULQWHUSUHWDWLRQ DERXW WKH DOJRULWKP LV WKDW DIWHU VRPH VWDUWLQJJHQHUDWLRQV DOO WKH SRSXODWLRQVDUHFRPSRVHGRILQGLYLGXDOVKDYLQJFRPELQDWLRQVRI±±±RU±±± DVPDFKLQHQXPEHUVOHDGLQJWRVWULQJVVWDUWLQJZLWK
6WULQJ
6WULQJ
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
DQDO\VLVRIPXWDWLRQSUREDELOLW\DQGFURVVRYHUSUREDELOLW\WRREVHUYHWKHEHKDYLRUDWWKHLU7DEOH5HVXOWVRI)DFWRULDO'HVLJQ$QDO\VLV3RS7\SH 3RS6L]H 0D[*HQ &URVV3 0XW3)LWQHVV/HYHO +LJK +LJK +LJK  +LJK9DOXH 6HHGHG    &387LPH/HYHO  /RZ /RZ  +LJK9DOXH     






















E&387LPHZLWK'LIIHUHQW/HYHOVRI&URVVRYHU3UREDELOLW\)LJXUH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(DFKSRLQW LQ WKH JUDSKV FRUUHVSRQGV WR WKH DYHUDJHRI LQGHSHQGHQW*$DSSOLFDWLRQV)RU ILWQHVV YDOXH DV REVHUYHG IURP )LJXUH D WKHUH LV QR VLJQLILFDQW GLIIHUHQFH LQSHUIRUPDQFH PHDVXUH IRU GLIIHUHQW OHYHOV RI FURVVRYHU SUREDELOLW\ 7KH SDLUHGW WHVWVWDWLVWLFDOO\ YDOLGDWHV WKLV FRQFOXVLRQ EHFDXVH WKH GLIIHUHQFH RI PHDQV RI WZR VXFFHVVLYHSRLQWVSUHVHQWDQLQVLJQLILFDQWEHKDYLRU7KH&38WLPHJUDSKDOVRVKRZVWKHLQVLJQLILFDQFHRIWKHFURVVRYHUSUREDELOLW\ZKLFKLVDOVR YDOLGDWHG E\ SDLUHGW WHVW UHVXOWV RI HYHU\ FRQVHFXWLYH SDLUV )RU GHVLJQ SRLQW  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VLQFHWKHSRSXODWLRQVL]HDQGPD[LPXPJHQHUDWLRQQXPEHUDUHDWWKHLUORZOHYHOVWKH&38WLPHLVVLJQLILFDQWO\ORZHUEXWDJDLQWKHFKDQJHLQFURVVRYHUSUREDELOLW\GRHVQRWKDYHDQ\VLJQLILFDQWHIIHFWRQWKHSHUIRUPDQFH7KLVIXUWKHUDQDO\VLVEDFNVXSWKHSUHYLRXVUHVXOWVRIRXUIDFWRULDOGHVLJQDQGDOVRJRHVLQSDUDOOHOZLWKWKHSUHOLPLQDU\REVHUYDWLRQVPDGHDERXWWKHVROXWLRQVSDFH6LQFHWKHUHLVDGRPLQDWLQJVHWRIYDULDEOHVDQGWKHJRRGVROXWLRQVDUHGHILQHGWREHJRRGEHFDXVHWKH\KDYHVRPHVSHFLILFSDWWHUQRIWKLVVHWDQGDOVREHFDXVHWKHJRRGVROXWLRQVDUHYHU\GRPLQDWLQJLQWHUPVRI ILWQHVVYDOXH DIWHU VRPH LQLWLDO JHQHUDWLRQV LQGLYLGXDOV LQ SRSXODWLRQV FRQYHUJH WRWKHVH VSHFLILF SDWWHUQ RI VROXWLRQV 7KXV WR FURVV RU QRW GRHV QRW KDYH DQ\ LPSDFW RQ WKHSHUIRUPDQFH,IFURVVRYHULVSURKLELWHGWKLVPHDQVWKHFRS\LQJRIVHOHFWHGSRWHQWLDOSDUHQWVWRQH[W JHQHUDWLRQ RFFXUV ,I FURVVRYHU WDNHV SODFH WKH\ H[FKDQJH JHQHWLF LQIRUPDWLRQ EXW DV
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G3RSXODWLRQ7\SH0XWDWLRQ3UREDELOLW\,QWHUDFWLRQ(IIHFWRQ&38RI&DVH)LJXUH*UDSKVRI6LJQLILFDQW(IIHFWVZLWKUHVSHFWWR&387LPHIRU%XIIHU&DVHFRQW¶G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$FFRUGLQJ WR  SUHFLVLRQ OHYHO QRQH RI WKH IDFWRUV DUH VLJQLILFDQW FRQVLGHULQJ WKHHIIHFWVRQ ILWQHVVYDOXH%HIRUH LQYHVWLJDWLQJ WKH UHDVRQV IRU VXFKDEHKDYLRU LW LV EHWWHU WRPDNHVRPHSUHOLPLQDU\DQDO\VLVDERXWWKHUHVXOWVRI*$DSSOLFDWLRQV7KURXJKRXW WKH FRQVWUDLQHG FDVH VWXG\  LQGHSHQGHQW UHSOLFDWLRQV RI*$ DUH WDNHQDQGDOORIWKHVHUHVXOWZLWKDEHVWVROXWLRQKDYLQJPDFKLQHFRPELQDWLRQVRI±± ±DQG±±7KHIRUPHURQHDSSHDUVWLPHVDQGWKHODWWHUUHVXOWLVDFKLHYHGDWWULDOV:HLPSRVH D OLPLW RI  RQ WKH WRWDO QXPEHU RI PDFKLQHV VLQFH WKH ILUVW WZR VWDWLRQV DUHERWWOHQHFNVWDWLRQVZHH[SHFWWRKDYHPRUHPDFKLQHVLQWKHVHWZRVWDWLRQV7KXVDPDFKLQHFRPELQDWLRQRI±±±LVDQH[SHFWHGSDWWHUQIRUJRRGVROXWLRQV$OVRWKHVHFRQGVWDWLRQKDVPRUHSURFHVVLQJ WLPH WKDQ WKH ILUVW DFFRUGLQJ WR WKLV QXPEHU RIPDFKLQHV LQ VWDWLRQ VKRXOG EH ODUJHU WKDQ WKH RWKHUV 'HSHQGLQJ RQ WKLV PDFKLQH SDWWHUQ RI  ±  ±  ±  LVDQRWKHUSUHGLFWDEOHPDFKLQHFRPELQDWLRQRIJRRGVROXWLRQV8QGHUWKHGRPLQDQFHRIPDFKLQHQXPEHUVRQ WKHREMHFWLYHYDOXHRI WKHV\VWHPJRRGVROXWLRQVKDYHWZRGLIIHUHQWSDWWHUQVRIPDFKLQHFRPELQDWLRQVDVVWDWHGDERYH/LNHDOORWKHUFDVHVWKHGLVFULPLQDWLRQDPRQJWKHVROXWLRQVZLWKWKHVHPDFKLQHSDWWHUQVLVDFKLHYHGE\WKHGLIIHUHQW OHYHOV RI EXIIHU FRPELQDWLRQV%XW WKLV WLPH WKH ILWQHVV YDOXH RI VXFK VROXWLRQV LVFORVHUWRHDFKRWKHUDVSUHVHQWHGZLWKWKHIROORZLQJH[DPSOHV6ROXWLRQ )LWQHVV9DOXHPRQHWDU\XQLWV±±±±±± ±±±±±± ±±±±±± 












)LJXUH$OO)DFWRUV0DLQ(IIHFWVRQ)LWQHVVRI&RQVWUDLQHG&DVH$VREVHUYHGIURPWKHILJXUHDOOWKHIDFWRUVDUHLQVLJQLILFDQW%HFDXVHWKHJRRGVROXWLRQVDUHKLJKO\ GRPLQDQWRYHURWKHU IHDVLEOH VROXWLRQVDQG WKH\KDYH FORVH ILWQHVVYDOXHV DPRQJHDFKRWKHUUHJDUGOHVVRIWKHW\SHRI*$SURFHVVHGDOJRULWKPFRQYHUJHVWRRQHRIWKHVHJRRGVROXWLRQV7KHLQLWLDOSRSXODWLRQW\SHLVLQVLJQLILFDQWDOWKRXJKVHHGHGSRSXODWLRQVPD\DFFHOHUDWH*$ LQ FRQYHUJLQJ WR JRRG VROXWLRQV 6LQFH WKH SRSXODWLRQ VL]H DQG PD[LPXP JHQHUDWLRQQXPEHU DUH DW WKHLU ORZ OHYHOV HYHQ WKH HIIHFW RI D VHHGHG VWDUW LV VXSSRVHG WR EH PRUHVLJQLILFDQW %XW EHFDXVH WKH JRRG VROXWLRQV DUH GRPLQDQW DQG WKHUH LV RQO\ IHZ JRRGVROXWLRQV*$FRQYHUJHVWRWKHVHVROXWLRQVUDSLGO\UHJDUGOHVVRIWKHVWDUWLQJFRQGLWLRQV&URVVRYHUDQGPXWDWLRQRSHUDWRUVDUHDOVRLQVLJQLILFDQWFRQVLGHULQJWKHILWQHVVUHVSRQVH7KH PDLQ FRQWULEXWLRQ RI WKHVH WZR RSHUDWRUV LV JHQHUDWLQJ GLIIHUHQW VROXWLRQV ZKLOHPDLQWDLQLQJWKHJRRGSDWWHUQRIILWLQGLYLGXDOV0XWDWLRQLVUHVSRQVLEOHIRUDGGLQJGLYHUVLW\WR

SRSXODWLRQV ZKLOH FURVVRYHU LV LQ FKDUJH RI PDLQWHQDQFH RI JRRG SURSHUWLHV WKURXJK WKHJHQHUDWLRQV7KHLQVLJQLILFDQFHRIWKHVHIDFWRUVFDQEHH[SODLQHGLQWZRPDQQHUV)URP WKH SUHYLRXV DQDO\VLV ZH NQRZ WKDW *$ FRQYHUJHV WR VROXWLRQV ZLWK PDFKLQHSDWWHUQV RI  ±  ±  ±  DQG  ±  ±  ±  UDSLGO\ EHFDXVH RI GRPLQDQFH RI WKH JRRGVROXWLRQV7KHUHDUHRQO\IHZJRRGVROXWLRQVSUHVHQWLQWKHIHDVLEOHVROXWLRQVSDFHZKLFKDUHGRPLQDQWRYHUWKHRWKHUVWKXVUHJDUGOHVVRIWKHOHYHOVRIWKHIDFWRUV*$FDQSURFHHGWRRQHRIWKHVHJRRGVROXWLRQV$QRWKHU LQWHUSUHWDWLRQ LV WKDW VLQFH WKHILWQHVVYDOXHVRI VROXWLRQVZLWK WKHVHPDFKLQHSDWWHUQV DQGGLIIHUHQW EXIIHU FRPELQDWLRQV DUH YHU\ FORVH WR HDFK RWKHU DV GLVFXVVHG LQ WKHSUHOLPLQDU\DQDO\VLVDOWKRXJKPXWDWLRQDQGFURVVRYHUDFKLHYHVVHDUFKLQJGLIIHUHQWVROXWLRQVGLVWLQFWOHYHOVRIWKHLUSUREDELOLWLHVFDQQRWFUHDWHVLJQLILFDQWGLIIHUHQFHRQILWQHVVYDOXH
&387LPH5HVSRQVH7DEOHSUHVHQWWKH$129$UHVXOWVIRU&38WLPHUHVSRQVH7DEOH$129$5HVXOWVIRU&387LPH5HVSRQVHIRU&RQVWUDLQHG&DVH6RXUFH 7\SH,,,6XPRI6TXDUHV GI 0HDQ6TXDUH ) 6LJ&RUUHFWHG0RGHO     ,QWHUFHSW     3237<3(     &52663     0873     3237<3(&52663     3237<3(0873     &526630873     3237<3(&526630873     (UURU   7RWDO  &RUUHFWHG7RWDO  
)RUSUHFLVLRQOHYHOWKHVLJQLILFDQWIDFWRUVDUHSRSXODWLRQW\SHPXWDWLRQSUREDELOLW\DQG WKH LQWHUDFWLRQEHWZHHQ WKHP*RRGVROXWLRQVRIFRQVWUDLQHGFDVHZKLFKKDYHPDFKLQHQXPEHU SDWWHUQV RI  ±  ±  ±  DQG  ±  ±  ±  FRQWULEXWH WR ORDGHG V\VWHPVRI WKHLUIHDVLEOH VROXWLRQ VSDFH VLQFH QR RWKHU YDOXHV RI IHDVLEOH PDFKLQH SDWWHUQ FDQ KDYH PRUHWKURXJKSXWOHYHOEHFDXVHWKHPD[LPXPHIILFLHQWXVHRIPDFKLQHVLQWKHVHV\VWHPV0RUHRYHUWKHVLPXODWLRQWLPHRIJRRGVROXWLRQVZLWKWKHVHPDFKLQHSDWWHUQVEXWGLIIHUHQWEXIIHUOHYHOVDUHFORVH7KHIROORZLQJH[DPSOHVZLOOFODULI\WKHVLWXDWLRQ





































0XWS /RZ 0XWS +LJK
G3RSXODWLRQ7\SH0XWDWLRQ3UREDELOLW\,QWHUDFWLRQ(IIHFWRQ)LWQHVVRI&RQVWUDLQHG&DVH)LJXUH*UDSKVRI6LJQLILFDQW(IIHFWVZLWKUHVSHFWWR)LWQHVVIRU&RQVWUDLQHG&DVHFRQW¶G
)URP)LJXUHDLWLVREVHUYHGWKDWWKHLQLWLDOSRSXODWLRQW\SHKDVDSRVLWLYHHIIHFWRQ&38WLPHWKXVVHHGHGVWDUWV LQFUHDVH WKH&38WLPH7KLVUHVXOW LVFRQVLVWHQW WKURXJKRXWDOOWKHFDVHVZHKDYHDQDO\]HGDQGWKHUHDVRQLQJLVWKHVDPH7RKLQGHUWKHUHSHWLWLRQVUHDGHUFDQORRNDWSSIRUGLVFXVVLRQ&URVVRYHU LV LQVLJQLILFDQW IRU &38 WLPH UHVSRQVH EHFDXVH FURVVRYHU FDQ JHQHUDWHVROXWLRQVZLWKVLPLODUSDWWHUVKDYLQJVDPHVLPXODWLRQWLPHWKXVWRFURVVPRUHIUHTXHQWO\GRHVQRWKDYHDQ\LPSDFWRQWKHHODSVHGWLPHDVGLVFXVVHGLQ6HFWLRQSUHYLRXVO\)LJXUHF0XWDWLRQSUREDELOLW\KDVDQHJDWLYHHIIHFWRQ&38 WLPHKLJKPXWDWLRQ UDWHVGHFUHDVHWKH &38 WLPH DV REVHUYHG IURP )LJXUH E 7KH JRRG VROXWLRQV KDYH PDFKLQH QXPEHUSDWWHUQVRI±±±DQG±±±FRUUHVSRQGLQJWRVWULQJVRI

UHVSHFWLYHO\ +LJK PXWDWLRQ UDWHV GHFUHDVH WKH VLPXODWLRQ WLPH PHDQLQJ WKDW PXWDWLRQJHQHUDOO\ JHQHUDWHV OHVVORDGHG V\VWHPVZKLFK LV WUXH IRU SUHYLRXV DQDO\VHV $W ILUVW VLJKWQXPEHU RI ¶V DQG ¶V DUH FORVH WR HDFK RWKHU DQG RQH FDQ VXVSHFW WKDW WKHPXWDWLRQ FDQLQFUHDVHDQGGHFUHDVHWKHPDFKLQHQXPEHUVDWWKHVDPHUDWHPHDQLQJWKDWVDPHIUHTXHQF\LVYDOLGIRUSRVLWLYHDQGQHJDWLYHLQFUHPHQWVRQPDFKLQHQXPEHUV%XWWKHUHFRPHVWKHHIIHFWRIWKHOLQHDUFRQVWUDLQWDQ\SRVLWLYHGHYLDWLRQIURPWKHVHPDFKLQHVHWWLQJVZLOOOHDGWRLQIHDVLEOHVROXWLRQVWKXVPXWDWLRQFDQQRWJHQHUDWHPRUHORDGHGV\VWHPV,QIDFWJRRGVROXWLRQVDUHWKHPRVW ORDGHG V\VWHPV RI WKHLU IHDVLEOH VROXWLRQ VSDFH 'HSHQGLQJ RQ WKLV PXWDWLRQ DOZD\VJHQHUDWHV VROXWLRQV ZLWK ORZ OHYHOV RI PDFKLQH QXPEHUV WKXV OHVVORDGHG V\VWHPV 7KDW¶VZK\KLJKPXWDWLRQUDWHVGHFUHDVHV&38WLPH7KHRQO\VLJQLILFDQWLQWHUDFWLRQHIIHFWSRSXODWLRQW\SHPXWDWLRQSUREDELOLW\LQWHUDFWLRQSUHVHQWVDFRQVLVWHQWEHKDYLRUZLWKWKHRWKHUFDVHV)URP)LJXUHGWKHGLIIHUHQFHEHWZHHQWKH UHTXLUHG &38 WLPH IRU VHHGHG DQG UDQGRP VWDUWV LV PRUH VLJQLILFDQW IRU ORZPXWDWLRQUDWHV)RUIXUWKHUGLVFXVVLRQFKHFNSS
&RQFOXVLRQ:HLPSRVHDOLQHDUFRQVWUDLQWRQWKHRSWLPL]DWLRQSUREOHP7KHFRQVWUDLQWKLQGHUVWKHVROXWLRQVZLWK WRWDOQXPEHURIPDFKLQHVH[FHHGLQJ  WKXV VKULQNV WKH IHDVLEOH VSDFH7KHLQIHDVLEOHVROXWLRQVJHQHUDWHGGXULQJ*$DSSOLFDWLRQVDUHGLVFDUGHGDQGQHZLQGLYLGXDOVDUHFUHDWHGLQVWHDG%\WKLVFRQVWUDLQWZHIRUFH*$WRVHDUFKGLIIHUHQWSDUWVRIWKHVROXWLRQVSDFHFRPSDUHGZLWKWKHRWKHUFDVHV6HSDUDWHDQDO\VHVDUHFDUULHGFRQVLGHULQJERWKWKHILWQHVVUHVSRQVHDQG&38WLPH7DEOHVXPPDUL]HVWKHUHVXOWVRIWKHDQDO\VLVE\VWDWLQJWKHDSSURSULDWHOHYHOVRIWKHIDFWRUV7DEOH5HVXOWVRI)DFWRULDO'HVLJQ$QDO\VLVIRU&RQVWUDLQHG&DVH
3RS7\SH &URVV3 0XW3
)LWQHVV&RQVWUDLQHG   
&387LPH&RQVWUDLQHG /RZ  +LJK*HQHUDO /RZ  +LJK

,Q VXPPDU\ LQLWLDO SRSXODWLRQ W\SH FURVVRYHU DQG PXWDWLRQ SUREDELOLWLHV SUHVHQWLQVLJQLILFDQWEHKDYLRURQILWQHVVYDOXH,QIDFWLWLVDSUHGLFWDEOHUHVXOWVLQFHWKHQDWXUHRIWKHJRRG VROXWLRQV VKRZV VLPLODULWLHVZLWK WKH EXIIHU FDVH DQG WKH UHVXOWV RI EXIIHU DQDO\VLV LVVLPLODUZLWKWKHVHILQGLQJV,QEXIIHUFDVHWKHUHDUHRQO\JRRGVHWWLQJVRIPDFKLQHQXPEHUVEHVLGHVWKHEXIIHUFRPELQDWLRQVLQJRRGVROXWLRQVFDQQRWH[FHHG7KLV UHVXOWVZLWKRQO\DYHU\IHZQXPEHURIJRRGVROXWLRQVLQWKHSUREOHPGRPDLQ7KHVDPHVLWXDWLRQLVUHOHYDQWIRUWKHFRQVWUDLQHGFDVH7KHUHDUHRQO\JRRGFRPELQDWLRQVRIPDFKLQHQXPEHUVEXWWKLVWLPHEXIIHUYDULDEOHVFDQKDYHPRUHFRPELQDWLRQV+RZHYHUWKHQXPEHURIJRRGVROXWLRQVDUHDOVRIHZIRUWKHFRQVWUDLQHGFDVHDVLQWKHEXIIHUFDVHDQGUHJDUGOHVVRIWKHSDUDPHWHUOHYHOV*$FDQPDQDJHWRILQGJRRGVROXWLRQVDVLQWKHEXIIHUFDVH7KHUHVXOWVIRU&38WLPHDQDO\VLVDUHPRUHIRUWXQDWHVLQFHWKHIDFWRUVSUHVHQWWKHVDPHEHKDYLRUWKURXJKRXWDOOWKHFDVHV6WDUWLQJZLWKUDQGRPSRSXODWLRQVDQGXVLQJKLJKPXWDWLRQUDWHV LQFUHDVH WKHSHUIRUPDQFHRI*$ LQ WHUPVRI&38 WLPH7KHFRQVLVWHQF\RI WKH UHVXOWVGHSHQGVRQWKHQDWXUHRIWKHVROXWLRQVSDFH,QDOOFDVHVJRRGVROXWLRQVDUHORDGHGV\VWHPVRIWKHLUIHDVLEOHVSDFHDQGPXWDWLRQGHYLDWHVWRVROXWLRQVWROHVVORDGHGV\VWHPVPRUHIUHTXHQWO\WKDQ DPRUHORDGHG DOWHUDWLRQ 6LQFH WKH SRSXODWLRQ VL]H DQGPD[LPXP JHQHUDWLRQ QXPEHUIDFWRUVDUHDWWKHLUORZOHYHOVFRQWULEXWLQJDVKRUWHU*$DSSOLFDWLRQWKHLQLWLDOHIIHFWRIVHHGHGSRSXODWLRQ EHFRPHV VLJQLILFDQW IRU WKH FRQVWUDLQHG FDVH DV WKH RWKHU FDVHV 7KHFRPSUHKHQVLYHGLVFXVVLRQDERXWWKHUHVXOWVDQGUHVXOWLQJJHQHUDOSLQSRLQWVZLOOEHSUHVHQWHGLQ&KDSWHULQGHWDLOV
0RGLILFDWLRQRI&URVVRYHU2SHUDWRU7KH DQDO\VLV XS WR QRZ KDV EHHQ FRQGXFWHG XVLQJ WKH VDPH VHWWLQJV RI VWUXFWXUDOSDUDPHWHUV2QHRIWKHPDLQILQGLQJVRIWKLVVWXG\ZKLFKLVVXUSULVLQJWRVRPHH[WHQGLVWKHLQVLJQLILFDQFH RI FURVVRYHU SUREDELOLW\ RQ WKH *$ SHUIRUPDQFH 7KXV LQ WKLV VHFWLRQ ZHIXUWKHUH[DPLQHWKHFURVVRYHURSHUDWRUE\FKDQJLQJLWVW\SH7KHUHVXOWVRIWKLVDQDO\VLVPD\SURYLGHEDFNJURXQGIRUWKHIXUWKHUUHVHDUFKLQWKLVDUHD5HFDOOWKDWWKHZHOONQRZQVLPSOHRQHSRLQWFURVVRYHUKDVEHHQXVHGWKURXJKRXWLQ WKLVWKHVLV ,Q RXU SUREOHP GRPDLQ ZH KDYH IRXQG WKDW WKLV W\SH RI FURVVRYHU LV LQHIIHFWLYH LQFUHDWLQJGLYHUVHVROXWLRQVWKDWFDQDOWHUWKH*$SHUIRUPDQFH:HQRZFRQVLGHUDQHZW\SHRIFURVVRYHUXQLIRUPFURVVRYHU LQRXUIXUWKHUDQDO\VLV

8QLIRUPFURVVRYHU LV LQYHQWHGE\6\VZHUGD 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SUHFLVLRQOHYHO LQLWLDO SRSXODWLRQ W\SH DQG WKH PXWDWLRQ SUREDELOLW\ KDYH VLJQLILFDQW HIIHFW RQ *$SHUIRUPDQFH(YHQ WKH W\SHRI WKH FURVVRYHU LV LQVLJQLILFDQW 7KH UHVXOWV DUH VDPHZLWK WKHUHVXOWVRI6HFWLRQIRU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%RWK WKH LQLWLDO SRSXODWLRQ W\SH DQG WKH PXWDWLRQ SUREDELOLW\ KDV SRVLWLYH HIIHFWV RQILWQHVVDQG WKHUHDVRQLQJEHKLQGWKHPKDVDOUHDG\GLVFXVVHG LQSUHYLRXV VHFWLRQV7KH\ DUHYDOLGIRUWKHFURVVRYHUFDVHWRR7KHPDLQFRQFOXVLRQLVWKDWWKHFURVVRYHUW\SHGRHVQRWKDYHDQ\HIIHFWRQ*$SHUIRUPDQFHDQGLWGRHVQRWKDYHDQ\LQWHUDFWLRQZLWKWKHRWKHUSDUDPHWHUVRI WKH *$ ,Q IDFW WKLV LV D SUHGLFWDEOH UHVXOW 7KH LQVLJQLILFDQFH RI FURVVRYHU SUREDELOLW\FDXVHV IURP WKH ODFN RI GLYHUVLW\ DPRQJ VROXWLRQV JHQHUDWHG E\ WKH FURVVRYHU RSHUDWRU DVGLVFXVVHGLQSUHYLRXVDQDO\VHV7KHVDPHDUJXPHQWLVUHOHYDQWIRUXQLIRUPFURVVRYHURSHUDWRU)RU WKH RULJLQDO FDVH WKH JRRG VROXWLRQV  ±  ±  ±   ±  ±  ±  JHQHUDOO\ KDYH WKHIROORZLQJUHSUHVHQWDWLRQVRIPDFKLQHQXPEHUV7KH QG WK DQG WK ELWV RI WKH VWULQJV DUH GLIIHUHQW WKXV DQ\ VFKHGXOH RI WKH RWKHU ELWVFRQFOXGHVZLWK WKH VDPHVWULQJV'LIIHUHQW IURP WKHSDWWHUQVGLVFXVVHG LQSDJH RQO\ WKHIROORZLQJH[WUDSDWWHUQVFRXOGEHJHQHUDWHGE\XQLIRUPFURVVRYHU ±±± ±±±%RWKVWULQJVFRUUHVSRQGWRSRRUVROXWLRQVVLQFHWKHWKLUGVWDWLRQKDVRQO\RQHPDFKLQHLQWKHILUVWFDVHZKLFKGHFUHDVHVWKHWKURXJKSXWGUDVWLFDOO\7KHVHFRQGVWULQJLVUHSUHVHQWDWLYHRIDSRRUVROXWLRQEHFDXVHWKHPDFKLQHVLQWKLUGZRUNVWDWLRQDUHXQQHFHVVDU\±±±LVDJRRGVROXWLRQEXWFRVWRI WKHH[WUDPDFKLQH LQ WKLUGZRUNVWDWLRQFDQQRWEHFRPSHQVDWHGE\WKHH[WUDSURGXFWLRQDFKLHYHG WKXVWKHVHFRQGRQHLVQRWDJRRGVROXWLRQDWDOO6LQFH WKHVHDUH SRRU VROXWLRQV WKH GRPLQDQFH RI JRRG VROXWLRQV ZLOO PDNH WKHP GLVDSSHDU LQ WKHIROORZLQJJHQHUDWLRQV8QLIRUPFURVVRYHULVVXFFHVVIXOLQJHQHUDWLQJPRUHGLYHUVHVROXWLRQVLQWHUPVRIEXIIHUSRVLWLRQVEXWERWKFURVVRYHUW\SHVFDQFUHDWHVDPHVHWRIVROXWLRQVZLWKVDPHPDFKLQHSDWWHUQRQWKHDYHUDJH6LQFHWKHILWQHVVGHSHQGVPHUHO\RQWKHPDFKLQHQXPEHUWKHQERWKRSHUDWRUVJHQHUDWH VROXWLRQV ZLWK FORVH ILWQHVV YDOXHV KHQFH QR VLJQLILFDQFH HIIHFW RFFXUV RQ *$SHUIRUPDQFHGHSHQGLQJRQWKHW\SHRIWKHFURVVRYHU$FFRUGLQJWRWKHVHUHVXOWVXQLIRUPFURVVRYHUJHQHUDWHVVROXWLRQVZLWKVDPHPDFKLQLQJSDWWHUQV ZLWK WKH RQHSRLQW FURVVRYHU 6LQFH RQHSRLQW FURVVRYHU LV LQHIIHFWLYH RQ ILWQHVVVLPLODUO\WKHXQLIRUPFURVVRYHUGRHVQRWKDYHVLJQLILFDQWHIIHFWRQILWQHVV
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7KH UHVXOWV DQG WKH HIIHFWV RI WKH IDFWRUV DUH VLPLODU ZLWK WKH DQDO\VLV FRQGXFWHG LQ6HFWLRQ  IRU WKH RULJLQDO FDVH 7KH UDQGRP LQLWLDO SRSXODWLRQ DQG KLJK PXWDWLRQ UDWH LVDSSURSULDWH IRU PLQLPL]LQJ WKH &38 WLPH 7KH UHDVRQV DQG LPSOLFDWLRQV DUH GLVFXVVHG LQSSDQGSS7KHPDLQUHVXOWLVDJDLQWKHLQVLJQLILFDQFHRIWKHFURVVRYHURSHUDWRU7KLVWLPHGLIIHUHQW W\SHRIFURVVRYHU LVXVHGEXWHYHQXQLIRUPFURVVRYHUFDQQRWKDYHVLJQLILFDQWLPSDFWRQ&38WLPH7KHUHDVRQ LV WKDW WKHXQLIRUPFURVVRYHUJHQHUDWHV WKHVDPHVROXWLRQVZLWK WKH RQHSRLQW FURVVRYHU RQ WKH DYHUDJH DV GLVFXVVHG LQ WKH SUHYLRXV ILWQHVV DQDO\VLV$OWKRXJKXQLIRUPFURVVRYHULVPRUHVXFFHVVIXOLQFUHDWLQJGLYHUVHVROXWLRQVLQWHUPVRIEXIIHUOHYHOVWKHVDPHVHWRIPDFKLQHQXPEHUVDUHFUHDWHGE\ERWKFURVVRYHUW\SHV6LQFHWKHORDGRIWKHV\VWHPGHSHQGVRQWKHPDFKLQHQXPEHUSDWWHUQDQGERWKRSHUDWRUVJHQHUDWHVROXWLRQVRI
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VDPHZRUNORDG WKHUH LV QR VLJQLILFDQW GLIIHUHQFH EHWZHHQ&38 WLPHVRI*$ZLWK GLIIHUHQWFURVVRYHUW\SHV
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$VREVHUYHG IURP WKHDERYH WDEOH WKH*$SDUDPHWHUVSUHVHQW FRQVLVWHQW EHKDYLRU IRUWKH PLQLPL]DWLRQ RI &38 WLPH REMHFWLYH ZKLOH GLIIHUHQW EHKDYLRUV RI SDUDPHWHUV DUHH[SHULHQFHG IRU ILWQHVV UHVSRQVH XQGHU GLVWLQFW H[SHULPHQWDO FRQGLWLRQV$FFRUGLQJ WR WKHVHUHVXOWV*$VWDUWLQJZLWKDVHHGHGLQLWLDOSRSXODWLRQZLWKKLJKFURVVRYHUDQGPXWDWLRQUDWHVLVDSSURSULDWH IRU WKH ILWQHVV PD[LPL]DWLRQ RI WKH WHVW SUREOHP 7KH KLJK PXWDWLRQ UDWH EXWUDQGRPLQLWLDOSRSXODWLRQZLWKDQ\OHYHORIFURVVRYHUSUREDELOLW\ZLOOOHDGJRRGSHUIRUPDQFHRI *$ LQ WHUPV RI &38 WLPH $FFRUGLQJ WR WKH 7DEOH  LW FDQ EH FRQFOXGHG WKDW KLJKPXWDWLRQ DQG FURVVRYHU UDWHV DUH DSSURSULDWH IRU PHHWLQJ ERWK REMHFWLYHV EXW WKH JHQHUDOUHVXOW RI LQLWLDO SRSXODWLRQ W\SH UHTXLUHV IXUWKHU DQDO\VLV DPRQJ VHHGHG DQG UDQGRPSRSXODWLRQV7DEOH  VKRZV WKH SHUFHQWDJH FKDQJHV LQ ILWQHVV DQG&38 WLPH DFFRUGLQJ WRFKDQJHLQLQLWLDOSRSXODWLRQW\SHIURPUDQGRPWRVHHGHGFDVH
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$FFRUGLQJ WR WKH UHVXOWV VHHGHG LQLWLDO SRSXODWLRQ LQFUHDVHV WKH &38 WLPH PRUHFRQVLGHULQJWKHSHUFHQWLPSURYHPHQWRQWKHILWQHVVYDOXH7KXVJLYLQJHTXDOZHLJKWVIRUHDFKUHVSRQVHW\SHVLWLVEHWWHUWRXVHUDQGRPLQLWLDOSRSXODWLRQ%XWWKHSHUFHQWDJHGLIIHUHQFHVDUHYHU\ORZKHQFHWKHRQO\DVOLJKWLQFUHDVHLQWKHLPSRUWDQFHRIILWQHVVUHVSRQVHZLOOVWDWHWKHVHHGHG SRSXODWLRQ DV WKH DGHTXDWH OHYHO IRU LQLWLDO SRSXODWLRQ W\SH 7R VXP XS WKH LQLWLDOSRSXODWLRQVHOHFWLRQLVGHSHQGHQWRQWKHXVHU¶VSUHIHUHQFHVJLYHQWRHDFKREMHFWLYH8SWRQRZZHKDYHSUHVHQWHGWKHFRPSXWDWLRQDOUHVXOWVJDWKHUHGIURPWKHDQDO\VHVRIGLIIHUHQWYHUVLRQVRIWKHWHVWSUREOHPXQGHUFRQVLGHUDWLRQ%XWWKHPDLQDVSHFWRIWKLVVWXG\LVPDNLQJJHQHUDO FRQFOXVLRQVDERXW*$SDUDPHWHUV DQGSUHVHQWLQJ JHQHUDO JXLGHOLQHV IRU WKH*$DSSOLFDWRUV7KXVZHKDYHWRJHQHUDOL]HWKHUHVXOWVZHREWDLQIURPWKHSUHYLRXVDQDO\VHV7KH ILUVW PDLQ FRQFOXVLRQ LV WKDW WKH SHUIRUPDQFH RI *$ GHSHQGV RQ WKH QDWXUH RIVROXWLRQ VSDFH EHFDXVH HYHQ XQGHU GLIIHUHQW H[SHULPHQWDO FRQGLWLRQV RI WKH VDPH WHVWSUREOHP VLJQLILFDQFH RI IDFWRUV LV GLIIHUHQW 7KXV *$ SUHVHQWV GLIIHUHQW EHKDYLRUV LQGLIIHUHQWSRUWLRQVRIWKHVROXWLRQVSDFH7RJHQHUDOL]HWKHFRPSXWDWLRQDOILQGLQJVZHKDYHWRVWDWHWKHFKDUDFWHULVWLFIHDWXUHVRIWKHSUREOHPGRPDLQZHH[SHULHQFHGDQGPDNHFRQFOXVLRQVDERXW*$DSSOLFDWLRQVLQVXFKSUREOHPGRPDLQV&RQVLGHULQJ WKH ILWQHVV UHVSRQVH DV WKH SHUIRUPDQFHPHDVXUH WKHPDLQ FKDUDFWHULVWLFIHDWXUHVRIRXUSUREOHPGRPDLQDUH7KHUHLVDGRPLQDQFHRIDVHWRIGHFLVLRQYDULDEOHVRYHURWKHUYDULDEOHV ZLWKUHVSHFWWRWKHREMHFWLYHIXQFWLRQYDOXHRIWKHRSWLPL]DWLRQSUREOHPWKHREMHFWLYHIXQFWLRQYDOXHLVGLUHFWO\UHODWHGZLWK WKHFRPELQDWLRQRI WKLVGRPLQDQW VHWRIYDULDEOHV PDFKLQHQXPEHUGRPLQDQFHRYHU EXIIHU YDULDEOHV $OWHUDWLRQ RI WKH YDOXHV RI GRPLQDQW YDULDEOH DOWHUV WKH VROXWLRQ¶VSHUIRUPDQFHVXEVWDQWLDOO\ZKHQFRPSDUHGZLWKWKHRWKHUGHFLVLRQYDULDEOHV 7KH JRRG VROXWLRQV IRU SUREOHPV ZLWK GLIIHUHQW REMHFWLYH IXQFWLRQ SDUDPHWHUV DUH KLJKO\GRPLQDQW RYHU RWKHU VROXWLRQV ZLWK UHVSHFW WR WKH REMHFWLYH IXQFWLRQ YDOXH EXW QRW YHU\VLJQLILFDQWO\GLYHUVHDPRQJHDFKRWKHU*RRGVROXWLRQVDUHVLJQLILFDQWO\EHWWHUWKDQWKHRWKHUIHDVLEOHVROXWLRQVEXWQRKLJKGRPLQDQFHRIDJRRGVROXWLRQRFFXUVDPRQJJRRGVROXWLRQV&RPELQLQJWKHDERYHWZRIHDWXUHVJRRGVROXWLRQVKDYHVSHFLILFVHWRISDWWHUQVLQGRPLQDQWVHWRIGHFLVLRQYDULDEOHVDQGWKHVHVROXWLRQVDUHGRPLQDQWRYHURWKHUIHDVLEOHVROXWLRQVDPRQJWKHVROXWLRQVSDFH

7KHVHSURSHUWLHVRI WKHSUREOHPGRPDLQJHQHUDWHD UDSLGFRQYHUJHQWEHKDYLRURI*$7KHHIIHFWRI WKHGRPLQDQWGHFLVLRQYDULDEOHRQ WKHILWQHVVYDOXH REMHFWLYH IXQFWLRQYDOXHJXLGHV*$WRVHDUFKIRUGLIIHUHQWOHYHOVRIWKDWYDULDEOHLQVWHDGRIGHDOLQJZLWKWKHSDWWHUQVRIRWKHU YDULDEOHV 2QFH D JRRG VROXWLRQ LV UHDFKHG WKH FRQYHUJHQFH RFFXUV UDSLGO\ $V WKHILWQHVVYDOXH RI WKDW VROXWLRQ LV KLJKO\ GRPLQDQW RYHU RWKHU IHDVLEOH VROXWLRQV UHSURGXFWLRQPHFKDQLVP DOZD\V VHOHFWV WKDW VROXWLRQ DV WKH SRWHQWLDO SDUHQW RI WKH IROORZLQJ JHQHUDWLRQ7KXV*$ZLOOVHDUFKDPRQJWKHQHLJKERUKRRGRIWKDWVROXWLRQ&RQVLGHULQJWKH&38WLPHPRUHJHQHUDOVWDWHPHQWVFDQEHPDGH:LWKDVROXWLRQVSDFHSUHVHQWLQJDUDSLGFRQYHUJHQWEHKDYLRUWKH&38WLPHSHUIRUPDQFHRI*$LVGLUHFWO\ UHODWHGZLWKWKHORDGRIWKHJRRGVROXWLRQV7KHGRPLQDQWGHFLVLRQYDULDEOHRI WKHILWQHVVFDVHDOVRSUHVHQWV GRPLQDQFH LQ WHUPV RI WKH HIIHFWV RQ VLPXODWLRQ WLPH LQ WKH SUREOHP GRPDLQ ZHGLVFXVV3UHVHQWLQJ WKH IHDWXUHV DQG WKH W\SH RI WKH SUREOHPGRPDLQZH FDQ QRZ GLVFXVV WKHUHOHYDQFHRIHIIHFWVRIHDFKIDFWRURQHE\RQHDQGPDNHJHQHUDOFRQFOXVLRQVLQWKLVSUREOHPGRPDLQ
,QLWLDO3RSXODWLRQ7\SH,QLWLDO SRSXODWLRQ W\SH LV HIIHFWLYH LQ VXFK SUREOHP GRPDLQV 'RPLQDQFH RI JRRGVROXWLRQVFUHDWHVD UDSLGFRQYHUJHQFHRI*$ZKLFK LVH[SHULHQFHG LQ DOO RXU DQDO\VHV7KHSHUIRUPDQFH RI *$ LQ WHUPV RI ILWQHVV ZLOO GHSHQG RQ WKH VHDUFK SURFHHGHG DPRQJ WKHVROXWLRQVZLWKWKHVHVSHFLILFSDWWHUQVRIGRPLQDQWYDULDEOHV6HHGHGLQLWLDOSRSXODWLRQVKDYLQJJRRG VROXWLRQV KHOS *$ XVH LWV WLPH PRUH HIILFLHQWO\ EHFDXVH FRQYHUJHQFH RFFXUV PRUHUDSLGO\ZKHQFRPSDUHGWRUDQGRPVWDUW$UDQGRPVWDUWVKRXOGILQGDJRRGVROXWLRQILUVWWKXV*$ZLOO VSHQG VRPH UXQ WLPH IRU WKLV SURFHVV $W WKH VDPH WLPH VHHGHG VWDUW KDV DOUHDG\VWDUWHGZLWKVXFKDJRRGVROXWLRQDQGVHDUFKDPRQJWKHJRRGVROXWLRQVE\FKDQJLQJWKHYDOXHVRIRWKHUYDULDEOHV¶OHYHOV7KHSRVLWLYHHIIHFWRIVHHGHGSRSXODWLRQDOVRGHSHQGVRQWKHQXPEHURIJRRGVROXWLRQV$VWKLVQXPEHUGHFUHDVHV WKHGLIIHUHQFH LQSHUIRUPDQFHRI*$EHWZHHQUDQGRPDQGVHHGHGVWDUWVGLPLQLVKHV5HJDUGOHVVRI WKH W\SHRI WKH LQLWLDOSRSXODWLRQ VLQFHFRQYHUJHQFHRFFXUVUDSLGO\ DQG WKH FRQYHUJHG VROXWLRQV LV RQHRI WKHVH IHZ JRRG VROXWLRQV WKXV SUREDELOLW\ RIILQGLQJWKHVDPHVROXWLRQXQGHUGLIIHUHQWVWDUWLQJFRQGLWLRQVLQFUHDVHVDVWKHQXPEHURIJRRGVROXWLRQGHFUHDVHV0RUHRYHUOHVVQXPEHURIJRRGVROXWLRQVFRUUHVSRQGVWRIHZFRPELQDWLRQV

RI GRPLQDQW GHFLVLRQ YDULDEOH 7KLV SURSHUW\ LV UHOHYDQW IRU RXU DQDO\VLV DOWKRXJK VHHGHGSRSXODWLRQLVHIIHFWLYHLQWKHRULJLQDOSUREOHPLQWKHFDVHVZLWKOHVVQXPEHURIJRRGVROXWLRQVEXIIHUFRQVWUDLQHGFDVHVWKHVLJQLILFDQFHRIDVHHGHGVWDUWGLPLQLVKHG,I JRRG VROXWLRQV FRUUHVSRQG WR ORDGHG V\VWHPV LQ VXFK GRPDLQV WKHQ VHHGHG LQLWLDOSRSXODWLRQPD\SURGXFH DQ LQFUHDVH LQ&38 WLPH7KHPDLQ UHDVRQ LV DW OHDVW IRU WKH IHZVWDUWLQJ JHQHUDWLRQV *$ SURFHHGLQJ ZLWK VHHGHG LQLWLDO SRSXODWLRQ ZLOO KDYH PRUH ORDGHGV\VWHPVFRPSDUHGZLWKWKHUDQGRPVWDUWFDVH%HFDXVHD UDQGRPVWDUW LVVHDUFKLQJ IRUJRRGVROXWLRQVZLWKORDGHGV\VWHPVZKLOHVHHGHGVWDUWHG*$LVFRQWLQXLQJLWVVHDUFKDPRQJJRRGKHQFH ORDGHG VROXWLRQV 7KLVPD\ FUHDWH GLVFULPLQDWLRQ DPRQJ WKH LQLWLDO SRSXODWLRQ W\SHVZKHUHUDQGRPLQLWLDOSRSXODWLRQLVEHWWHUIRUVXFKDSSOLFDWLRQV%XWWKHRSSRVLWHLVWUXHZKHQWKH JRRG VROXWLRQV FRUUHVSRQG WR OHVVORDGHG V\VWHPV 7KDW WLPH IURP WKH VDPH UHDVRQLQJVHHGHGLQLWLDOSRSXODWLRQGHFUHDVHVWKHVLPXODWLRQWLPHVRWKH&38WLPH7KH DSSURSULDWH OHYHO RI LQLWLDO SRSXODWLRQ W\SH GHSHQGV RQ WKH OHYHOV RI RWKHUSDUDPHWHUV ,I WKH SRSXODWLRQ VL]H RUDQGPD[LPXPJHQHUDWLRQ QXPEHU LV KLJK HQRXJK WKHGLIIHUHQFH DPRQJ WKH *$ DSSOLFDWLRQV ZLWK GLVWLQFW VWDUWLQJ FRQGLWLRQV PD\ QRW VKRZ DVLJQLILFDQWEHKDYLRU$VGLVFXVVHGSUHYLRXVO\VHHGHGVWDUWKDVPRUH WLPH WRSURFHHGDPRQJJRRGVROXWLRQVEXW LI HQRXJK WLPH LV JLYHQ IRU*$DSSOLFDWLRQ D UDQGRPVWDUW FDQSURFHVVDGHTXDWHQXPEHURIJRRGVROXWLRQVKHQFHWKHGLIIHUHQFHZLOOGLVDSSHDU8QGHU WKH SUREOHP GRPDLQ ZH FRQVLGHU LQLWLDO SRSXODWLRQ W\SH HIIHFW RQ &38 WLPHGHSHQGVRQWKHUDWHRIPXWDWLRQ7KLVUHVXOWLVH[SHULHQFHGLQDOORIRXUFDVHV$VWKHPXWDWLRQSUREDELOLW\ LQFUHDVHV WKH LQLWLDO DGYDQWDJH RI VHHGHG SRSXODWLRQVZLOO GHFUHDVH VLQFHPRUHIUHTXHQWDOWHUDWLRQVDUHPDGHRQJRRGVROXWLRQVRIWKHLQLWLDOIHZJHQHUDWLRQVRIVHHGHGVWDUWZKLFKPD\UHVXOWZLWKSRRUVROXWLRQV7KHIUHTXHQWGHYLDWLRQVIURPJRRGVROXWLRQVGHFUHDVHWKH QXPEHU RIPRUH JRRG VROXWLRQV SURFHVVHG LQ WKH VHHGHG VWDUW FRPSDUHGZLWK D UDQGRPVWDUWWKXVWKHHIIHFWRIVHHGHGVWDUWLVPLWLJDWHG
3RSXODWLRQ6L]HDQG0D[LPXP*HQHUDWLRQ1XPEHU)RU WKH SUREOHPV ZLWK GRPDLQV SUHVHQWLQJ IHDWXUHV PHQWLRQHG DERYH KLJK OHYHOV RISRSXODWLRQVL]HDQGPD[LPXPJHQHUDWLRQQXPEHUDUHLQDSSURSULDWH,QFUHDVHLQWKHOHYHOVRIWKHVH IDFWRUV LQFUHDVHV WKH QXPEHU RI VROXWLRQV SURFHVVHG E\ WKH DOJRULWKP WKXV WKHSUREDELOLW\ RI KLWWLQJ D EHWWHU VROXWLRQ LPSURYHV EXW &38 WLPH LQFUHDVHV GUDVWLFDOO\ DW WKHVDPHWLPH5DSLGFRQYHUJHQWEHKDYLRURI*$XQGHUVXFKSUREOHPGRPDLQVOHDGVWRUHDFKLQJ

JRRGVROXWLRQVLQVKRUWWLPHWKXVPRGHUDWHOHYHOVDUHDSSURSULDWHIRUD*$DSSOLFDWLRQ+LJKOHYHOV ZLOO LQFUHDVH WKH &38 WLPH HQRUPRXVO\ ZLWKRXW LPSURYLQJ WKH ILWQHVV YDOXHVLJQLILFDQWO\DVH[SHULHQFHGLQWKHRULJLQDOFDVHRIRXUDQDO\VHV
&URVVRYHU3UREDELOLW\7KHFURVVRYHURSHUDWRUJHQHUDOO\GRHVQRWKDYHVLJQLILFDQWHIIHFWVRQ*$SHUIRUPDQFHLQ VXFK SUREOHP GRPDLQV &URVVRYHU LV PDLQO\ UHVSRQVLEOH IURP WKH PDLQWHQDQFH RI JRRGWUDLWVRIVROXWLRQVLQIXWXUHJHQHUDWLRQV,WSURYLGHVWKHH[FKDQJHRIJHQHWLFPDWHULDOVDPRQJWKHSUHYLRXVO\VHOHFWHGVROXWLRQVDQGJHQHUDWHVQHZVROXWLRQVE\WKLVPDQQHU7KHGRPLQDQFHRIJRRGVROXWLRQVOHDGLQJWRDUDSLGFRQYHUJHQFHRI*$IRUFHVVHOHFWLRQSURFHGXUHWRVHOHFWWKHVROXWLRQVZLWKVDPHJRRGSDWWHUQVLQWHUPVRIGRPLQDQWGHFLVLRQYDULDEOHDVWKHSRWHQWLDOSDUHQWV IRU WKHQH[WJHQHUDWLRQ7KHGRPLQDQWGHFLVLRQYDULDEOH¶VVHWWLQJVRIJRRGVROXWLRQVDUHVLPLODUWRHDFKRWKHUWKXVWZRVHOHFWHGSRWHQWLDOSDUHQWVFDQQRWFUHDWHGLYHUVHVROXWLRQV(YHQIRUPDQ\WULDOVVLQFHWKHGRPLQDQWGHFLVLRQYDULDEOHV¶SDWWHUQVRIERWKSRWHQWLDOSDUHQWV DUH H[DFWO\ WKH VDPH WR FURVV RU QRW IURP D FURVVVLWH VHOHFWHG LQVLGH WKH ELQDU\UHSUHVHQWDWLRQ RI WKH GRPLQDQW YDULDEOHZLOO SURGXFH VDPH FKLOGUHQ 6R FURVVRYHU GRHV QRWKDYHDVLJQLILFDQWLPSDFWRQILWQHVVUHVSRQVHRISUREOHPVZLWKVXFKGRPDLQV$Q\ OHYHO RI FURVVRYHU SUREDELOLW\ ZLOO EH DGHTXDWH IRU *$ DSSOLFDWLRQV RQ VXFKSUREOHPGRPDLQV%XWVLQFHFURVVRYHULVRQHRI WKHVWURQJHVWIHDWXUHVRI WKHDOJRULWKP LW LVFRQYHQLHQW WR VHW WKH FURVVRYHU UDWH WR SRVLWLYH YDOXHV QRW  EHFDXVH GLVFDUGLQJ WKHFURVVRYHURSHUDWRUPD\DIIHFWWKHEDVLFSULQFLSOHVRI*$UHVXOWLQJZLWK*$SUHVHQWLQJHUUDWLFRUXQH[SHFWHGEHKDYLRU
0XWDWLRQ3UREDELOLW\7KHVWURQJHVWIHDWXUHRI*$RQVXFKSUREOHPGRPDLQVLVWKHPXWDWLRQRSHUDWRU5DSLGFRQYHUJHQFH RI *$ GHSHQGLQJ RQ WKH QDWXUH RI VROXWLRQ VSDFH GHFUHDVHV WKH QXPEHU RIGLIIHUHQWVROXWLRQVLQSRSXODWLRQVDVWKHJHQHUDWLRQVSURFHHG0XWDWLRQFUHDWHVGLYHUVLW\LQWKHSRSXODWLRQV3UREDELOLW\RIREWDLQLQJEHWWHUVROXWLRQVLVGLUHFWO\SURSRUWLRQDOZLWKWKHQXPEHURI VROXWLRQV SURFHVVHG ZKLFK KDV VLPLODU GRPLQDQW YDULDEOH SDWWHUQ EXW GLIIHUHQW OHYHOV RIRWKHU YDULDEOHV$IWHU VRPH LQLWLDO JHQHUDWLRQV DOO WKH SRSXODWLRQV DUH IXOO RI VROXWLRQVZLWKJRRGSDWWHUQRIGRPLQDQWYDULDEOH7KXVWKHGLVFULPLQDWLRQDPRQJWKHVHVROXWLRQVLVDFKLHYHGE\VHOHFWLQJWKHDSSURSULDWHOHYHOVIRUWKHRWKHUGHFLVLRQYDULDEOHV

$V GLVFXVVHG SUHYLRXVO\ DQG VKRZQ DQDO\WLFDOO\ SS WKDW PXWDWLRQ RSHUDWRU FDQVHDUFK PRUH VXFK VROXWLRQV FRPSDUHG ZLWK WKH FURVVRYHU RSHUDWRU 7KXV LQFUHDVLQJ WKHPXWDWLRQSUREDELOLW\LQFUHDVHVWKHFKDQFHRIKLWWLQJDEHWWHUVROXWLRQ$OWKRXJKPXWDWLRQUDWHUDQJHV EHWZHHQ  DQG  LQ *$ OLWHUDWXUH RXU IXUWKHU DQDO\VHV UHYHDOHG WKDW KLJKHUOHYHOVOLNHPLJKWUHVXOWZLWKWKHEHVWSHUIRUPDQFH
7KH H[SODQDWLRQV VWDWHG LQ WKH SUHYLRXV SDUDJUDSKV DLP WR PDNH JHQHUDO FRQFOXVLRQVDERXWWKHHIIHFWVRIQXPHULFDOSDUDPHWHUVRI*$RQWKHSHUIRUPDQFH LQ WHUPVRIILWQHVVDQG&38 WLPH RQ WKH SUREOHPGRPDLQVZLWK WKH GHILQHG FKDUDFWHULVWLF IHDWXUHV 7KHVH ILQGLQJVFRQVWUXFW JXLGHOLQHV IRU *$EDVHG VLPXODWLRQRSWLPL]DWLRQ DSSOLFDWLRQV RQ SUREOHPV ZLWKVLPLODUGRPDLQVDQGKHOSWKHUHVHDUFKHUVLQXQGHUVWDQGLQJWKHUHDVRQVDQGLPSOLFDWLRQVRIWKHHIIHFWVRIQXPHULFDOSDUDPHWHUVRI*$RQLWVSHUIRUPDQFH$V D IXWXUH UHVHDUFK GLUHFWLRQ WKH HIIHFWV RI VDPH SDUDPHWHUV RQ GLIIHUHQW SUREOHPGRPDLQV PD\ EH LQYHVWLJDWHG DQG HPSLULFDO VWXGLHV FDQ EH FRQGXFWHG WR VWDWH ZKHWKHUQXPHULFDOSDUDPHWHUVSUHVHQWWKHVDPHEHKDYLRURUQRW7KLVDQDO\VLVLVFRQGXFWHGZLWKDSUHVSHFLILHGVHWWLQJRIVWUXFWXUDOSDUDPHWHUVRI*$7KHVLJQLILFDQFHRIWKHQXPHULFDOSDUDPHWHUVZLWKGLIIHUHQWVWUXFWXUDOSDUDPHWHUVHWWLQJFDQEHH[DPLQHG ,Q IXUWKHUDQDO\VHVZHFRPSDUHWKH XQLIRUP FURVVRYHU ZLWK RQHSRLQW FURVVRYHU DQG WKH FRPSXWDWLRQ UHVXOWV SUHVHQW WKHLQVLJQLILFDQFHRIXQLIRUPFURVVRYHU WRR%XWRWKHU OHYHOVRIVWUXFWXUDOSDUDPHWHUVPD\DOWHUWKH HIIHFW RI WKH QXPHULFDO SDUDPHWHUV HYHQ XQGHU WKH VDPH SUREOHP GRPDLQ 6WXGLHVDQDO\]LQJ WKH HIIHFWLYHQHVVDQG LQWHUDFWLRQV RI ERWK VWUXFWXUDO DQG QXPHULFDO SDUDPHWHUVRQ*$SHUIRUPDQFHZLOOPDNHXSDQRWKHUUHVHDUFKGLUHFWLRQ
IAPPENDIX A



















   WRITE,OUTFILE1:TOTALCOST;




































      :DUMMY1:DUMMY2:DUMMY3;
RESOURCES:MACHINE1:MACHINE2:MACHINE3:MACHINE4;
FILES:IN1,"D1.dat",SEQ,FREE,,,Rewind:IN2,"D2.dat",SEQ,FREE,,,Rewind:
      IN3,"D3.dat",SEQ,FREE,,,Rewind:IN4,"D4.dat",SEQ,FREE,,,Rewind:
      IN5,"D5.dat",SEQ,FREE,,,Rewind:IN6,"D6.dat",SEQ,FREE,,,Rewind:































#define MaxString 20 /* MaxString=LengthD1+LengthD2+...+LengthD7 */
struct indiv{  int chromosome[MaxString];
               short int dec1;
               short int dec2;
               short int dec3;
               short int dec4;
               short int dec5;
               short int dec6;
               short int dec7;
               double fitness[NumRep+1];
               short int individ;
               short int parent1;
               short int parent2;
               short int xsite;
               short int nmut;





















































   outfile=fopen("D1.dat","w");
   fprintf(outfile,"%hi\n",newpop[cnt2].dec1);
   fclose(outfile);
   outfile=fopen("D2.dat","w");
   fprintf(outfile,"%hi\n",newpop[cnt2].dec2);
   fclose(outfile);
   outfile=fopen("D3.dat","w");
   fprintf(outfile,"%hi\n",newpop[cnt2].dec3);
   fclose(outfile);
   outfile=fopen("D4.dat","w");
   fprintf(outfile,"%hi\n",newpop[cnt2].dec4);
iii
   fclose(outfile);
   outfile=fopen("D5.dat","w");
   fprintf(outfile,"%hi\n",newpop[cnt2].dec5);
   fclose(outfile);
   outfile=fopen("D6.dat","w");
   fprintf(outfile,"%hi\n",newpop[cnt2].dec6);
   fclose(outfile);
   outfile=fopen("D7.dat","w");
   fprintf(outfile,"%hi\n",newpop[cnt2].dec7);
   fclose(outfile);




























































































































/* check for infeasibility */





























































































































  int cnt1,cnt2;
  sprintf(filename,"%s%i%s","gen",gen,".dat");
  outfile=fopen(filename,"w");









 fprintf(outfile,"%3hi %3hi %3hi %3hi %3hi %3hi %3hi %10lf %10lf


























fprintf(outfile,"Total number of crossovers=%i\n",numcross);







































































$ODQGHU-72QRSWLPDOSRSXODWLRQVL]HRIJHQHWLFDOJRULWKPV3URFHHGLQJVRI&RPS(XUR$]DGLYDU ) 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